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ABSTRACT
Epipathogenesis of caries: Analyses of family structure,
fear, and fatalism upon World Health Organization
decayed, missing, and filled teeth severity in
Appalachia West Virginia and Pennsylvania
R. Constance Wiener, DMD, MA
Appalachian has many social, economic, and biologic factors impacting dental health over the
life-course.
Purpose: This study examined dental caries experience and family structure, dental fear, and
fatalism in West Virginia and Pennsylvania.
Method: Using a cross-sectional study design, 2002-2009 Center for Oral Health Research in
Appalachia data were analyzed utilizing the World Health Organization definitions for caries
experience, dichotomized into low and high. Three groups were studied: 1) children, 11-13 years
(N=237); 2) adolescents, 14-17 years (N=191); and 3) adults, 18 years and above (N=1125). For
multivariable model development, generalized estimating equations with exchangeable working
structures accounted for family clusters.
Results. For children, family (second biological child vs. first biological child and
niece/nephew/step-/grandchild/other vs. first biological child) Fatalism Scale, Dental Fear
Survey, and Short Form Fear of Pain Questionnaire failed to reach a significant difference with
caries experience. There were 38.0% reporting fear on the Dental Fear Survey, and 80.2% on the
Short Form Fear of Pain Survey. There were 62.0% reporting fatalism. There were 44.7% first
biological children, 32.1% second biological children, and 23.2% with other family relationships.
Overall, for adolescents, family (single parent vs. both parents, same home; and second
biological child vs. first biological child and niece/nephew/step-/grandchild/other vs. first
biological child) failed to reach a significant difference with caries experience. However, in
gender sub-group analysis, living with a single parent was protective for males, with an adjusted
odds ratio (AOR) of 0.08 (95% Confidence Interval [CI]: 0.01, 0.42; p = 0.0249). The Fatalism
Scale failed to reach a significant difference with caries experience in the overall model. For
females, there was an AOR of 6.60 (95% CI: 1.89, 9.64; p = 0.0076). Although the Short Form
Fear of Pain Questionnaire failed to reach a significant difference with caries experience in the
overall model, for males, the AOR was 12.86 (95% CI: 1.71, 96.59; p = 0.0130) and for females,
the AOR was 0.08 (95% CI: 0.01, 0.55; p = 0.100). There were 36.1% reporting fear on the
Dental Fear Survey; 63.9% on the Short Form Fear of Pain Survey; and 43.5% reporting fatalism
on the Fatalism Scale. There were 54.6% first biological children; 20.6% second biological
children, and 24.8% with other family relationships; 53.5% lived in single parent homes.
For adults, a high Dental Fear Survey score was associated with a high caries experience.
The AOR was 1.76 (95% CI: 1.29, 2.40; p = .0003). It remained significant for females (AOR=
2.11[95% CI: 1.41, 3.14; p = 0.0003]). For males, those never married, divorced, widowed,
separated, or had other living arrangements vs. married/domestic partnering had an AOR of 0.12
(95% CI: 0.04, 0.36; p = .0002).
Conclusion: Caries is a complex disease with many influences. Gender differences exist in age
categories in terms of family relationships, fear, and fatalism. Further exploration of these
factors is needed to aid in the development of successful interventions to decrease caries
severity.
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Chapter 1 Overview of the Research

1.1 Background
Public Health and families—definitions and the historical antecedent ecosystem conditions
The preamble to the U.S. Constitution explains why American societal laws and rules
exist: ―…to form a more perfect Union, establish Justice, Insure domestic Tranquility, provide
for the common defence, promote the general Welfare, and secure the Blessings of Liberty to
ourselves and our Posterity.‖2 The framers of the Constitution were concerned about public
health (general welfare) and family (posterity) from the inception of the United States. Living
during the period known as the Enlightenment, a time in which empiricism was valued and
authority was questioned, they considered the welfare of citizens as a collective concern, a social
contract. Theirs was the first constitution which mandated a census to learn about the citizens as
a public collective,3 while concurrently establishing individual freedoms and rights to life,
liberty, and the pursuit of happiness as expressed in the Declaration of Independence. Just as the
U.S. government is a tenuous balance of disparate views of the legislative, executive, and
judicial branches, there exists a tenuous balance of disparate views of individual rights/freedoms
and general welfare. Additionally, we lack much empirical knowledge about what is needed for
the blessings to ourselves and our posterity--the family determinants that would benefit us to
secure such blessings.
Though general welfare of the citizens was important enough to be in the Constitution, it
was not until 1911 that general welfare as Public Health, per se, was defined by CEA Winslow.
He defined Public Health as the ―science and art of preventing disease, prolonging life, and
promoting health and efficiency through organized community‖…4 Lay meaning of selfperceived health is defined many ways, depending upon one’s social and cultural context.5 In
1949, the World Health Organization (WHO) defined health as being in a state of complete
physical, mental, and social well-being; not merely the absence of disease or infirmity.6
Public health is a community or societal concern. In 1988, the U.S. Institute of Medicine
defined a public health mission as ensuring ―the conditions in which people can be healthy.‖7
Public health is a concern for humanitarian/caring reasons, such as decreasing suffering, helping
humanity, and providing support. It is a responsibility of society to promote the general welfare,
but additionally, there are self-serving, pragmatic, fiduciary benefits of preventing disease or
injury, preventing the spread of disease or incidence of injury, or minimizing diseases or injuries,
and improving health rather than caring for sick or injured individuals after the contraction of a
disease or the incurrence of an injury. As such, the roles of public health professionals can vary
from: 1) conducting descriptive research with the provision of surveillance and assessments of
community health needs; 2) the identification of health problems, risks assessment and their
prioritization; 3) analytic research with the formulation of interventions and policy proposals; 4)
the assurance and assessment of access to cost-effective appropriate care; and 5) the provision of
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health promotion and disease prevention education and interventions so that all people can be as
healthy as possible.8
Public health recommendations which have become laws or policies have been successful
in many areas. Epidemiology is the study of ―population distributions of disease, disability,
death, health, and their determinants and deterrents across time and space. . . to create knowledge
relevant to improving population health and preventing suffering, including eliminating health
inequities.‖3 Or, more simply, the study of the distribution and determinants of states of health in
populations.9 Utilizing the knowledge generated through epidemiological research, public health
measures have resulted in widespread use of vaccinations. The vaccinations have led to the
eradication of the pervasive disease, small pox, and the control of measles, rubella, tetanus,
diphtheria, and haemophilus influenza.7 Injury prevention epidemiology has resulted in motor
vehicle related safety improvements in the vehicles themselves (front and side airbags, seat belts,
safer braking systems, cage safety designs, etc.), safer roads (designs with fewer sharp curves,
divided highways, signals of approaching light changes, etc.), and policies (no drinking and
driving laws, seat belt laws, car child safety-seat laws and helmet laws, etc.). Workplace safety
has improved workers’ lives through laws and public health policies.7 Through clean water and
improved sanitation, some infectious disease prevalences have plummeted or have been limited.7
Monitoring blood pressure, blood assays, and new treatments have lowered risks for heart attacks
and strokes.7 Foods are safer and more healthful.7 Tobacco has been recognized as a health
hazard and prevention/cessation programs have been implemented.7 And water fluoridation has
resulted in the reduction of dental caries.7
Public health policies in the United States are often contentious, and challenging, as well
they should be. They require a knowledgeable citizenry to formulate appropriate courses of
action and appropriately budget limited resources. Much of the public health debate focuses
upon an individual’s needs of freedom to make personal choices without a paternalistic, intrusive
government versus societal needs to provide a safe and healthful environment to limit needless
pain and suffering. When public health policies and directives become laws, certain personal
choices are abrogated. Some examples are: helmet use requirements for motorcyclists and
bicyclists; speed limits on roads; limitations on smoking; not serving alcohol to minors; seatbelt
use and child safety-seat requirements; child endangerment laws, etc.
Public health interventions have economic costs that cannot be negated and are subject to
debate also—subsidized flu vaccination programs, mammography screening programs, blood
pressure screenings, clinics, etc. all have costs, and cost-benefit analysis is appropriate.
Research in public health is also beginning to focus upon an ecosocial theory of disease
distribution. The theory captures many features determining health. It integrates societal and
biophysical determinants of disease distribution and health inequities over the life-course, across
generations, in geographical and historic context within and across levels and over different
scales of time and space.3 The theory emphasizes many factors which result in a person
embodying (developing or assimilating) a disease state—including where a person lives (both
physical location, and within local, state, regional, national and world-wide government
structures and within other structures of rules), when a person lives, family structure and beliefs,
his or her age of exposure, length of exposure, access to care (including the education to seek
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care, the financial ability to receive care, and the social status to leave work or other duties to be
able to report to care), any discriminatory features, genetic make-up, culture, susceptibility,
resistance, etc.
Historically, such complex systems could not be modeled, and large databases with large
sample sizes either did not exist or were not easily accessible. Now, data collection, data
storage, and data analyses methods exist for large, complex data sets. National surveys,
electronic patient records, as well as hospital discharge, and insurance information may be used
to make determinations of health outcomes based on multiple layers of stratification. It is now
possible to determine health outcomes for different levels of education, age, economic status,
race, ethnicity, and place of residence, among other ecosocial and economic factors. Health
disparities (differences in health), health inequalities (descriptive, numerical comparisons
intended to be value neutral), and health inequities (judgments of social justice and fairness) can
be assessed utilizing many, differing statistical models and producing varying results.10 The
manner in which social inequity in health should be handled will require a continuation of
serious debate, as well as the need to identify and develop new theories and methodologies to
better understand and explain health inequities.11
There are many oral diseases which impact public health and quality of life. Dental
caries is a microbially-induced biofilm disease of endogenous bacteria involving the teeth.12 It is
defined as: ―a complex disease caused by an imbalance in physiologic equilibrium between tooth
mineral and biofilm fluid.‖12 Tooth surfaces develop biofilms of bacterial colonies within hours
of being cleaned, and each bacterial species has its own ecological niche, with significant
adaptive abilities, within the microenvironment.12 The microbiological caries process requires:
time; vulnerable or susceptible tooth surfaces and subsurfaces; and a bacteriological biofilm to
interact in a manner in which the metabolically active bacteria change the plaque pH.12 When
the plaque pH is less than or equal to 5.5, the tooth will lose mineral. When the plaque pH is
above 5.5, the tooth will remineralize—within limitations.12 Demineralization may result in
cavitation. The biofilm paradigm of dental caries indicates that caries may occur where a biofilm
bacterial community matures and remains in close proximity to a tooth surface over time.12
Clinicians diagnose caries from the appearance of active and inactive white spots to the presence
or absence of frank cavitation. Treatment decisions are based on the determination of caries
activity which may be: rapidly active; slowly active; or arrested.
Caries exists in the context of a complex person with an epigenetic landscape and
changing interactions of the person, his or her biological processes, and multiple levels of
environment, policies, and opportunities at individual, family household, area, regional, national
and global levels for various gradients from caries to good oral health to occur. The disease is
complex and has no simple causation pathway and no good predictor model, and as such requires
research into determining the contributing factors in a multidisciplinary approach to develop
effective caries control methodologies.12
Surgeon General, Dr. David Satcher, prepared Oral Health in America: A Report of the
Surgeon General, in 2000. He identified oral health as a critical concern. He reiterated that
associations exist between oral health and general health, with the hope of eliciting more
empirical research into the associations.13 Caries and other oral diseases are not innocuous.
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Caries is the most common chronic disease of childhood, with a frequency 5-8 times the next
most common chronic disease of childhood, asthma.13 Caries has many determinants, and many
psychosocial associations. One survey indicated poverty status is a predictor of caries in primary
teeth, with the lowest income groups having 2-5 times the prevalence of caries as compared with
the high income groups.14 Children who have early childhood caries, ECC, have one or more
lesions in primary dentition (cavitated or not), or one or more primary teeth missing due to
caries, or one or more filled primary teeth at ages 0-71 months.15 Nationwide, ECC increased in
children, ages 2-5 years, from 24% during 1988-1994 to 28% during 1999-2004.16
Also on a national level, children, ages 6-11 years, had a decrease in caries in permanent
teeth from 25% to 22%; and children, ages 6-11 years, had dental sealants placements increase
from 22% to 30% from 1988-1994 and 1999-2004.16 The caries burden is not equally shared. A
national study showed that 80% of the caries in children, ages 5-17 years, was in 25% of
children.17
In terms of other oral diseases in the United States, 47.2% or 64.7 million people aged 30
years or older have mild, moderate, or severe periodontal disease, a disease of the supporting
tissues of teeth.18 The prevalence among current smokers is 64.2%; for adults 65 years and
older, it is 70.1%, and for those living below the federal poverty level it is 65.4%.18 Each year
35,000 incident cases of oral and pharyngeal cancer develop and 7,600 people die from oral and
pharyngeal cancer.19 Oral and pharyngeal cancer is the 17th cause of person-years lost due to
cancer, and for those who have oral and pharyngeal cancer, there is only a 50% 5-year survival
rate.19
Additionally, tooth loss has been associated with a variety of conditions and diseases. In
men with fewer than 24 teeth, the incidence of ischemic stroke has been associated with
periodontal disease and tooth loss with a hazard ratio of 1.57 and a 95% confidence interval (CI)
of 1.24, 1.98.20 Older adults have an increased risk of chronic disease with tooth loss due to
dietary change (fewer fruits, vegetables, fiber and vitamins),21 even though total calories may be
maintained.22 An Asian population had an increased risk of total death of 18% (95% CI:
9%,18%); death from upper gastrointestinal cancer of 35% (95% CI: 14%,59%); heart disease of
28% (95% CI: 17%,40%); and stroke of 12% (95% CI 2%,23%) with greater than age-specific
median number of teeth lost.23 Poorer quality of life has been associated with individuals who
have fewer than 24 teeth.24 Fortunately, most oral disease is preventable.18 Population research
has identified many causal factors of poor oral health as well as many preventive factors for good
oral health.
In addition to the pain and suffering associated with the pathology of dental diseases, the
financial impact of dental care is considerable. In 2009, the cost of dental care was $102 billion
dollars.18 There were 500 million dental visits.18 It is difficult to assess the other impacts, such
as emergency room visits, loss of time and/or productivity to individuals and family members,
social and psychological impacts to the individual and/or family, and quality of life for the
individual and/or family. And, as previously stated, the burden is not equally shared.
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1.2 Current Gap in the Literature
Although the health of rural residents has improved over the last decade, rural residents
fare worse than residents of other areas on many health determinates.14 Healthy People 2020,
(an initiative with goals for 2020 set by the U.S. Department of Health and Human Services,
HHH), defines health disparity as ―a particular type of health difference that is closely linked
with social, economic and/or environmental disadvantage.‖25 HHH recognizes that health
disparities exist in many contexts. In its Healthy People 2020 program, the HHH identifies
health disparities on the basis of race or ethnicity, sex, sexual identity, age, disability,
socioeconomic status, and geographical location, with a goal of improving the health of all
disparate groups.25 Eliminating health disparities and creating health equity, which is the
attainment of the highest level of health for all, had been the agency’s goal for the past 20
years.25 As the determinants of health (variables which influence health) are not fully
understood, Healthy People 2020 will work to provide epidemiological research and
demographics, including rural/urban geographic data.25 Though progress is being made, there is
a lack of epidemiological research and literature for rural areas, a situation described as a data
disparity.26
One rural area of interest is the rural area of Appalachia. Appalachia is a region with
several definitions. It is defined by the Appalachian Regional Commission as 420 specific
counties along the Appalachian Mountains.27 It is alternatively geographically defined as the
thirteen states which contain the Appalachian Mountains: New York, Pennsylvania, West
Virginia, Maryland, Ohio, Virginia, Maryland, Ohio, Virginia, Kentucky, Tennessee, North
Carolina, South Carolina, Alabama, Georgia, and Mississippi. And, Appalachia is culturally
defined as the central and southern states on the list. Forty-two percent of Appalachia is rural.27
All of the state of West Virginia is in the Appalachian Region, and much of it geographically
isolated.
In terms of dental health, the mid-Appalachia region of West Virginia and Pennsylvania
are of particular interest. Of the available data, the indicators show that these Appalachian areas
have not fared well. For example, the 2010 nationwide edentulous prevalence of individuals
over age 65 years is 17.0%. In Pennsylvania the edentulism prevalence was 18.0%; and in West
Virginia it was 36.0%.28 West Virginia is the state that has the greatest number of its residents
over age 65 years being edentulous. However, in 1999, West Virginia had an edentulism
prevalence of 44.3% . The prevalence decreased to 41.3% in 2002, rose to 42.9% in 2004, and
declined again to 40.5% in 2006 and 37.8% in 2008, so progress is being made.28 The
prevalence for adults with any permanent teeth extracted in Pennsylvania was 51.5%, and 27.7%
did not visit a dentist/dental clinic within the past year in 2010. Oral health in Appalachia West
Virginia and Pennsylvania is a concern. Many determinants may impact the reception of
essential dental care: ecosocial determinants, access, cost, lack of providers, fear, limited oral
health literacy and understanding, socioeconomic status, and education, among others.29,30
Globally, dental caries has been shown to be associated with socioeconomic (SES)
inequities and rural geographic status in children in some countries, such as Brazil,31 no
differences in geography in some countries, such as Saudi Arabia,32 and increased caries in urban
rather than rural areas in some countries, such as Sweden.33 Previous studies in the United States
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found that rural residency influences oral health in that rural dwellers were more likely to be
edentulous, less likely to have had a dental visit in the past 12 months,34 and more likely to have
had dental caries.35 Rural U. S. children from homes with lower household incomes were less
likely to receive preventive dental care, even when insurance status was considered, and they
were also less likely to have dental insurance than urban children.35 But, as with the countries of
the world, rural areas within the United States are also heterogenous.36 For example, one study
of a non-metro community, Beaver Dam, Wisconsin, had an edentulous prevalence of 15.3%,37
much lower than nationally, or in rural West Virginia or Pennsylvania.
1.3 The purpose of the current research
Patterns and correlates of poor oral health have been postulated for people living in
Appalachia.38 It is important to understand the determinants of oral health and how they impact
the distribution of oral disease, which was the intent of the Center for Oral Health Research in
Appalachia (COHRA), Genetic Factors Contributing to Oral Health Disparities in Appalachia
study.38 COHRA researchers conducted a study of 1818 participants. There were 813 volunteer
families in West Virginia and 542 volunteer families in Pennsylvania (280 children, ages 11-13
years; 219 adolescents, ages 14-17 years; and 1319 adults, ages 18 years and above). The study
sought to characterize contributions of individual, family, and community factors to oral diseases
in children and their relatives.30 Since it is unrealistic to include all diverse pathways in a study,3
the aim of the current research was to examine oral health in terms of family structure, dental
fear and fatalism. Data for the study were collected between 2002 and 2009.
Oral health outcomes were identified using the World Health Organization’s (WHO)
severity designations based upon the decayed, missing, and filled teeth index (DMFT) in child,
adolescent, and adult caries analyses. Family structure, living arrangements, dental fear, and
fatalism were variables of interest, and the other social environmental determinants considered
were: education level; income; race; and gender. Population health research is concerned with
exploring the determinants of social and cultural, genetic, environmental, behavioral, spiritual,
and personal qualities.38 For example, in overall health, rural residents have poorer lifestyle
characteristics (smoking more, exercising less and more obesity) than suburban residents—all of
which are related to low income and low education status, and all of which are more resistant to
intervention to change in populations with low income and low education status.37,39 Identifying
specific regional characteristics of people in Appalachia is important to develop successful
interventions.
As previously mentioned, Appalachia may be defined at a state level as one of the
thirteen states including the Appalachian Mountains. In this series of studies, the definition of
Appalachia Pennsylvania and West Virginia are at the state level. This research sought to
address the current gap in the literature by assessing the impact of Appalachian culture (as family
structure, dental fear, and fatalism) on dental health. The cardinal, long-term goal of this project
is to increase understanding of the public health effects of dental health inequities. The impact
of the study may be to provide information to help improve dental health throughout the
Appalachian region.
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Three studies are presented, each using secondary analysis of quantitative data from the
COHRA research data. The theoretical basis for the research is the Krieger ecosocial
epidemiological theory of disease distribution which integrates societal and biophysical
determinants of disease distribution and health inequities over the life-course, across generations,
in geographical and historic context within and across levels and over different scales of time
and space.3 The holistic approach is needed to understand the effects of ecosocial inequities on
health, and the need to consider broad population-level effects.40 There is a need to understand
how family structures, education, and socioeconomics impact oral health to better develop
policies and programs to address oral health needs. Specifically, there is a mounting call to
improve oral health in West Virginia and Pennsylvania.
The Precede-Proceed Model of Health Program Planning and Evaluation utilizes
surveillance data and epidemiological constructs as the basis to develop intervention plans, then
proceeds with evaluating policies, regulations, and resource allocations for health education and
advocacy and could be applied to the West Virginia and Pennsylvania situation with information
generated in this research.41 The initial step, though, begins with obtaining and understanding the
surveillance data.39
The study in Chapter 2 included cross-sectional analyses of family structure, fear and
fatalism upon caries experience in West Virginia and Pennsylvania children, ages 11-13 years.
There is a need to understand the effects of ecosocial determinants of caries, particularly
the effects of the role of the family, dental fear, and fatalism in caries development. The research
hypotheses were that West Virginia and Pennsylvania children, ages 11-13 years, 1) who were
the first biological children were more likely to have lower WHO DMFT severity than a second
biological child or niece/nephew/step-/grandchild in the home; 2) who were fearful were more
likely to have increased WHO DMFT severity than those reporting little or no fear; and 3) who
were fatalistic were more likely to have severe WHO DMFT than those who were not fatalistic.
Children, ages 11-13 years, have many of the teeth of their permanent dentition.
Nevertheless, many primary teeth are still present and many permanent teeth are in the process of
erupting during this time period. A child may have had a high dmft (the lower case letters
indicate primary teeth’s decayed, missing, and filled index), but he or she has the potential to
have a DMFT = 0 in the permanent dentition. The timing of the eruption sequence usually
follows the pattern of: first molars and mandibular central incisors erupting at 6-7 years;
maxillary central incisors and mandibular lateral incisors erupting at 7-8 years; maxillary laterals
erupting at 8-9 years; mandibular canines erupting at 9-10 years; maxillary first premolars
erupting at 10-11 years; maxillary second premolars and mandibular first premolars erupting at
10-12 years; maxillary canines and mandibular second premolars erupting at 11-12 years;
mandibular second molars erupting at 11-13 years; maxillary second molars erupting at 12-13
years; and third molars erupting at 17-21 years.42
Although children have the second opportunity for a DMFT of 0, dental caries is the most
common chronic childhood disease in the United States; it is 5 times more common than asthma
and 7 times more common than hay fever.13,43 Additionally, dental caries can cause difficulty
chewing, which may lead to: loss of weight, and failure to thrive; difficulty speaking, especially
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enunciating ―f‖ and ―th‖; missed school or difficulty during school; malocclusion (inefficient
alignment of teeth or facial bones); caries in permanent teeth; and lowered self-esteem.
The purpose of the study in Chapter 2 was to discern the association of family structure,
dental fear and fatalism upon dental status of West Virginia and Pennsylvania Appalachia
children, ages 11-13 years. The analysis was planned to include significant relationships of
WHO DMFT with the univaribles of gender, race/ethnicity, household income, age, BMI,
highest grade attained in the household, and site. Additionally, analysis for confounding of those
factors with the variables of interest, was also planned. The final multivariable model would
consider the clustering effect of families in a generalized estimating equation of regression. It is
significant to have this knowledge in that the appropriate intervention strategies and policies can
be developed to address the specific dental needs of the families with children, ages 11-13 years,
with high WHO DMFT.
The study in Chapter 3 included cross-sectional analyses of family structure, fear and
fatalism upon caries experience in West Virginia and Pennsylvania children, ages 14-17 years.
Adolescence, being a time of change from childhood to maturity, has many biological,
psychological, and sociological transformations. Some of the transformations will influence
lifestyle practices, attitudes, and beliefs related to health and well-being throughout life.44
Adolescence is also a time of self-identity, self-actualization, and responsibility. In terms of
caries and adolescence, the Health Belief Model applied to caries describes dependence upon the
perception of the severity of potential caries, the susceptibility to caries, the benefits of
preventive dental care, and the barriers to dental care for that adolescent as being influential upon
his or her oral health related behavior.45 Adolescents develop their own oral health beliefs which
may or may not be similar to their family’s beliefs. They also may be more vocal about
expressing their desire for, or opposition to, professional dental care; they may request dental
care products or, or purchase them on their own; and they may place more or less emphasis upon
their smiles than when they were younger children. Family relationships, in terms of single
parents and biological parents as well as birth categories were explored. Also to be examined are
dental fear and fatalism in terms of WHO DMFT severity. Adolescent invulnerability (lack of
fear, and fatalism) has been previously postulated as contributing to risk taking and lack of
weight to future, potentially more severe, consequences of their decision-making.46Despite the
maturational changes in the adolescent and parent relationship, it is anticipated that family
structure is a significant force in the lives of West Virginia and Pennsylvania adolescents in
terms of caries experience.
The research hypotheses were that West Virginia and Pennsylvania children, ages 14-17
years, 1) who were the first biological children were more likely to have lower WHO DMFT
severity than a second biological child or niece/nephew/step-/grandchild in the home; 2) who
were living with 2 parents in the same home were more likely to have lower WHO DMFT than
those living in single parent homes; 3) who were fearful were more likely to have increased
WHO DMFT severity as compared with those who had little or no fear; and 4) who were
fatalistic were more likely to have severe WHO DMFT as compared with those who were not
fatalistic. The purpose of the study in Chapter 3 was to discern the association of family
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structure, dental fear and fatalism upon dental status of West Virginia and Pennsylvania
adolescents (ages 14-17 years).
The analysis was planned to include significant relationships of WHO DMFT with the
univaribles of gender, race/ethnicity, household income, age, BMI, highest grade attained in the
household, and site. Additionally, analysis for confounding of those factors with the variables of
interest, was also planned. The final multivariable model would consider the clustering effect of
families in a generalized estimating equation of regression. It is significant to have this
knowledge in that the appropriate intervention strategies and policies can be developed to
address the specific dental needs of the families with adolescents with high WHO DMFT caries
experience.
Chapter 4 addresses the association of family structure, fear and fatalism upon caries
experience in adults, ages 18 years and above, in West Virginia and Pennsylvania.
Family structure for adults has a potential to impact oral health. This study explored the
association of marriage with the embodiment of caries and periodontal disease in West Virginia
and Pennsylvania adults. An important variable in the analysis was age. The resident population
of older adults in the U.S. between 2000 and 2005 was 67.1 million, which increased 13% over
the 5 years.47 The older adult segment is the fastest growing segment of the U.S. population,
having a growth rate four times the rate of residents under age 55 years.47 Their oral health needs
are significantly different from those of children, and potentially different from younger adults.
As one ages, tissues change, and susceptibilities are altered. Nevertheless, many people maintain
healthy periodontal tissue and dentition throughout the life-course.
It is it is important to learn what factors are influencing good oral health and poor oral
health. Both periodontal disease and caries are significant factor in tooth loss, which is rampant
in West Virginia and Pennsylvania. The research hypotheses were that West Virginia and
Pennsylvania adults, ages 18 years and above, 1) who were married or had domestic partners
were more likely to have lower WHO DMFT severity than other living arrangements; 2) who
were fearful were more likely to have increased WHO DMFT severity than those who had little
or no fear; and 3) who were fatalistic were more likely to have severe WHO DMFT than those
who were not fatalistic.
The purpose of the study in Chapter 4 was to discern the association of family structure,
dental fear and fatalism upon dental status of West Virginia and Pennsylvania adults.
Understanding influences on oral health care may inform the appropriate intervention strategies
and policies to improve oral health.
The analysis was planned to include significant relationships of WHO DMFT with the
univaribles of gender, race/ethnicity, household income, age, BMI, highest grade attained in the
household, and site. Additionally, analysis for confounding of those factors with the variables of
interest, was also planned. The final multivariable model considered the clustering effect of
families in a generalized estimating equation of regression. It is significant to have this
knowledge in that the appropriate intervention strategies and policies can be developed to
address the specific dental needs of adults with high WHO DMFT severity.
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Chapter 5 is a summary chapter of the research and opportunities for continued research
to improve oral health.
Caries etiology is a complex study. And incremental knowledge helps in the
understanding of the process. Translating the knowledge into interventions is the ultimate hope
for continued research. Acceptable interventions need to be developed with ready access to the
interventions, and acceptability of use (across the social, behavioral, biological, economic, and
life course realms).48 Chapter 5 will look to the past and to the future of caries research in
Appalachia.

11

Chapter 2
Cross-sectional analyses of family structure, fear and fatalism upon caries experience in
West Virginia and Pennsylvania children, ages 11-13 years
Abstract
Within the Appalachian Region there are many psychological, social, and economic factors
which may impact dental health for children.
Purpose: The purpose of this study was to examine family structure, dental fear, and fatalism
upon dental caries experience using the World Health Organization’s criteria for very low, low,
moderate, and high caries experience upon children, ages 11-13 years, (dichotomized to low and
high), living in West Virginia and Pennsylvania.
Method: A cross-sectional study design of data (2002-2009 Genetic Factors Contributing to
Oral Health Disparities in Appalachia) collected from the Center for Oral Health Research in
Appalachia (COHRA) etiology study were used in this study.
Results: Family relationships (second biological child vs. first biological child and
niece/nephew/step-/grandchild/other vs. first biological child), Fatalism Scale, Dental Fear
Survey, and Short Form Fear of Pain Questionnaire failed to reach a significant difference with
caries experience. There were 38.0% reporting fear on the Dental Fear Survey, and 80.2% on the
Short Form Fear of Pain Survey. There were 62.0% reporting fatalism on the Fatalism Scale.
There were 44.7% first biological children, 32.1% second biological children, and 23.2% with
other family relationships.
Conclusion: Children in Appalachia West Virginia and Pennsylvania, ages 11-13 years, were
resilient when it came to birth categories, fatalism, and fear as they relate to dental health.
Future research is needed to explore the levels of fear and fatalism reported.
2.1 Introduction
Dental caries is the most common chronic childhood disease in the United States; it is 5
times more common than asthma and 7 times more common than hay fever.1 In children, dental
caries often results in pain and serious infections. Additionally, dental caries can cause
difficulty chewing, which may lead to: loss of weight, and failure to thrive (80% or less of ideal
weight2); difficulty speaking; missed school or difficulty during school; malocclusion (inefficient
alignment of teeth or facial bones); caries in permanent teeth; and lowered self-esteem.1 There
are 5.61 deaths per year attributed to dental caries.3 When treatment requires a hospital operating
room setting, in addition to the risks of general anesthesia, the financial burden may range from
$4000-$7000. Of the unmet health needs of children in America, child dental care is the most
prevalent.4
Caries does not occur in a vacuum in children. Etiologic bacteria are involved in a
complex biofilm community which, when mature and undisturbed, demineralizes tooth surfaces
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by lowering plaque pH to below 5.5. Additionally, primary teeth have thinner enamel than
permanent teeth, and newly erupted permanent teeth may not be fully mineralized, increasing
susceptibility. Genetic and epigenetic factors have modifying effects on teeth, supporting
structures, and oral conditions. A recent study indicated that the primary dentition carious
phenotypes were highly heritable, with 54-70% of caries score variation accounted by genes.5
And, specific genes (tuftelin,6 ameloblastin,7 and the taste genes, TAS2R38, TAS1R28) have
been identified as being associated with the caries process.
Equally important, children are dependent upon the lifestyle choices of
parents/guardians/household adults, and caregivers for sugar presentation, frequency of snacks
and sugary beverages, overall nutrition, fluoride use, presentation for professional care, and
providing, instructing, or supervising oral hygiene behaviors (quality and frequency of brushing
and flossing), among other factors.9
The choices of parents/guardians/household adults or caregivers may be influenced by
family structure, culture, socioeconomics, education, community, geography, marketing, laws,
dental fear, fatalism, and policies. For example, the presentation of sugary beverages and
cariogenic foods to a child may have a variety of such motivations—to provide a reward; to use
as motivation or coercion; to provide as a result of family or community tradition or custom; to
use by being influenced by advertisement; to use as compensation for a particular circumstance;
to feel good by providing something that makes the child happy; etc. The primary factors need
to be explored as, over the past decade, in all highly industrialized countries, there has been an
increase in the amounts of cariogenic foods and beverages consumed by children.9,10 As a result,
caries is a complex, multifactorial disease.
Family structure has been associated with health outcomes. With overall health, a study
of the 2003 National Survey of Children’s Health indicated that children in step, single-mother,
or grandparent-only circumstances had poorer health than children living with both biological
parents.11 A study in Greece of 187 children, age 12 years, indicated that children living in
single parent/other type family structure were 3 times as likely to have had oral pain within the
previous month and 2.8 times as likely to have brushed their teeth fewer than two times a day
compared with nuclear families.12 In a study in Germany, children living in family structures,
other than nuclear families consumed higher amounts of sugary foods and drinks, particularly
juices, cookies, and chocolate.13
Low family socioeconomic status (SES) has been associated with health inequity.14
However, globally, the impact and trends of SES upon caries for early adolescents are unclear.
In countries with high family income, middle family income, and low family income, children
age 12 years had a mean decayed missing filled permanent teeth (DMFT) score of: 2.1; 3.3; and
1.9, respectively.10 And although caries was associated with SES in a study set in Brazil, oral
health, in terms of dental erosion, was not.15
Inadequate access, utilization and/or provision of dental health care are risk factors for
poor oral health for some children. Remote areas or residential areas with occupational isolation
or segregation may exist in areas without good supermarkets, limiting the availability of fruits
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and vegetables and increasing the possibility of purchasing inexpensive, unhealthful foods and
beverages which may contribute to poor oral health.15,16
Certain geographic areas are associated with increased caries. A South Carolina study of
rural dental health care indicated that in adjusted analyses, rural children were more likely to not
have preventive dental care, fluoride varnishes, and dental homes when compared with urban
children.17 Similar results occurred for rural children in some studies globally,18,19 but were not
found to exist in other studies.20,21 In general, in the United States, there is a shortage of dentists
in underserved areas,22often as a result of the economic situation of a dentist encumbered with
heavy debt load to repay, as well as no, or inadequate employment for the spouse/significant
other in the underserved area. One geographic area of interest is the region of Appalachia.
Appalachia is composed of 205,000 square miles of territory including sections of New York,
Pennsylvania, West Virginia, Maryland, Ohio, Virginia, Maryland, Ohio, Virginia, Kentucky,
Tennessee, North Carolina, South Carolina, Alabama, Georgia, and Mississippi.23 Forty-two
percent of the region is rural.23 All of the state of West Virginia is in the Appalachian Region.
Appalachia, particularly mid-Appalachia (West Virginia and Pennsylvania), lacks
epidemiological data concerning the oral health of pre-teen children. Much of West Virginia’s
pediatric research has cited the clinical West Virginia Office of Maternal and Child Health 1999
report on 5 poorer and 5 more affluent counties which indicated 65.6% of West Virginia children
had caries by age 8, (as compared with the national caries prevalence at the time of 22%).24
Much of the other oral health research on children in Appalachia has been more general, and
involved self/parent report of children in a wide range of ages. In one study of West Virginia
parents of children aged 6 months-15 years (mean 5.4 years), 75% of parents reported their child
brushed or had their teeth brushed twice daily.25 In another study of children 3-18.7 years, 85%
of parents reported their child brushed or had their teeth brushed daily, 80% reported yearly
dental visits and 2/3 reported dental health was important.26
Reports to the National Oral Health Surveillance System for caries experience indicated
that 42.1% of 3rd graders in West Virginia had caries experience and 17.1% had untreated dental
caries in 2010-2011. The National Oral Health Surveillance System also reported that, for
Pennsylvania 3rd graders, 52.6% had caries experience and 27.3% had untreated dental caries
from 1998 to 2000.27
The 2007 National Survey of Children Health (NSCH) data for children, ages 1-17 years,
indicated that fewer West Virginia and Pennsylvania parents and guardians described the
condition of their child’s teeth as fair or poor than nationally. That data indicated 5.1% (95% CI
3.8, 6.5) of parents in West Virginia rated their child’s teeth as fair or poor; for Pennsylvania, it
was 7.4% (95% CI 5.2, 9.6); and nationally 8.4% (CI 7.8, 9.0) of parents rated their child’s teeth
as fair or poor. (Table 1) Also, more West Virginia and Pennsylvania parents and guardians
described the condition of their child’s teeth as excellent than nationally (75.4% (95% CI 72.9,
77.9) for West Virginia; 74.6% (95% CI 71.2, 78.0) for Pennsylvania and 70.7 (95% CI 69.9,
71.5 nationally).28
These results indicate inconsistencies in the parent/guardian appraisal of oral health.
There is also a lack of clinical oral health data concerning children, ages 11-13 years, who reside
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in Appalachia, in general and there is a lack of oral health data concerning children, ages 11-13
years, who reside in West Virginia and Pennsylvania, in particular.
The research hypotheses for this study were that West Virginia and Pennsylvania
children, ages 11-13 years, 1) who were the first biological children were more likely to have
low World Health Organization decayed, missing, and filled teeth (WHO DMFT) dichotomized
categories than a second biological child or niece/nephew/step-/grandchild in the home; 2) who
were fearful were more likely to have high WHO DMFT dichotomized categories than those
who reported no or little fear; and 3) who were fatalistic were more likely to have high WHO
DMFT dichotomized categories than those who were not fatalistic. As previously mentioned,
Appalachia may be defined at a state level as one of the thirteen states including the Appalachian
Mountains. In this study, the definition of Appalachia Pennsylvania and West Virginia are at the
state level.
2.2 Methods
This study analyzed data from the Center for Oral Health Research in Appalachia
etiology survey for years 2002-2009 entitled Genetic Factors Contributing to Oral Health
Disparities in Appalachia (COHRA). WVU IRB approval was obtained (#H-24094). The
COHRA study was supported in part by grants from the National Institute of Dental and
Craniofacial Research (R01-DE014899, R01-DE014899-03S1, R01-DE014899-04S1, and U01DE018903). Additional support was provided by the University of Pittsburgh, School of Dental
Medicine, the West Virginia University School of Dentistry, and the West Virginia University
Eberly College of Arts and Sciences. The COHRA protocols are presented elsewhere.29 Briefly,
the study was a non-intervention, longitudinal project to determine risk factors for the
disproportionate oral disease in Appalachia. The COHRA study had a unique dimension in that
it was family based. This study is a cross-sectional study of the 11-13 year subgroup of the
COHRA study population.
Study Population
Eligibility requirements for the COHRA study were that an individual (the primary
informant or index person) had to have at least one biological child who was between the ages of
1 and 18 years. Additionally, all members of a household were eligible to be included into the
study without regard to biological or legal relationship. The exclusion criteria for the study were
neurological impairments, psychosis, severe physical or intellectual handicap and situations in
which either the parent/child of the biological pair had impaired ability to clot or resist infection.
There were 1,355 families recruited. From West Virginia, there were 813 families. From
Pennsylvania, there were 542 families. There was a total of 1818 COHRA participants. The
COHRA survey evaluated oral health, nutrition, and lifestyle behaviors in the families. The
survey was conducted with questionnaires, clinical examinations, and laboratory tests of
participating non-institutionalized, civilian adults and children.
The participants were recruited through newspaper, television, and radio advertisements
as well as posted fliers, presentations, and distributed brochures. Each family member who
participated in the study in Pennsylvania received $25. Each family member who participated in
the study in West Virginia received a $25 gift card to a local merchant, and if everyone in the
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family participated, the family received an additional $100 gift card. Written child assent, where
appropriate, parental consent for the children and consent from the adult participants were
obtained. This study is a cross-sectional study of the pre-teen subgroup of the original COHRA
study population (N = 280). This study’s participants were the children, ages 11-13 years, with
complete DMFT (7 had missing DMFT) and family relationship data and responses to at least
20% of the fear and fatalism items (36 had more than 20% of fear and fatalism items missing).
The sample size was 237.
Outcome of interest—caries experience
COHRA clinical evaluations were conducted by calibrated dentists and dental hygienists.
Inter-rater Cohen’s Kappa was .83.29 World Health Organization (WHO) decayed, missing, and
filled teeth (DMFT) dichotomized categories formed the outcome variable of interest. DMFT
was a derived variable from the analysis of the buccal, lingual, mesial, distal, and occlusal tooth
surfaces on all teeth present in the mouth (except wisdom teeth). It summarizes the presence of
current caries, previous evidence of caries (restorations), and missing teeth due to caries (as
reported by the participant). DMFT experience levels vary by age. A modified World Health
Organization/University of Pittsburgh definition of caries experience, based on DMFT, was used.
The tooth surfaces were evaluated after drying with air or gauze, as necessary. Artificial light
and a dental mirror were used. Radiography and tactile examination were not employed (except
where a dental explorer was used, as necessary, for suspected interproximal decay).
For children ages 11 and 12 years, the categories were: very low caries experience
(DMFT= 0, 1); low caries experience (DMFT = 2); moderate caries experience (DMFT = 3, 4)
and high caries experience (DMFT ≥ 5).30,31 For children 13 years, the categories were very low
caries experience (DMFT= 0-2); low caries experience (DMFT = 3-5); moderate caries
experience (DMFT = 6-8) and high caries experience (DMFT ≥ 9).30,31 In the generalized
estimating equations, these categories were dichotomized to low (DMFT = 0-2) and high (DMFT
≥ 3) for those 11 and 12 years. For those children age 13, low was DMFT = 0-5 and high was
DMFT ≥ 6.
Variables of interest
The variables of interest to be evaluated for the children, ages 11-13 years, were 1)
family structure, 2) dental fear, and 3) fatalism. For family structure, data were used that
described the relationship of the child to the index person as being a first biological child, second
biological child, and other (third biological child, fourth biological child, fifth biological child,
seventh biological child, first step child, second step child, grandchild or niece/nephew). The
data were provided by the adult index person.
Dental fear was measured with 2 self-reported questionnaires: the 20-question Dental
Fear Survey;32-36 and the 9-question Short Form Fear of Pain Questionnaire37-42 For all
inventories the potential Likert-type responses were: ―Not afraid at all‖ (scored as ―1‖ for each
question with this response), ―A little afraid,‖ (scored as ―2‖ for each question with this
response), ―Somewhat afraid,‖(scored as ―3‖ for each question with this response), ―Pretty much
afraid,‖(scored as ―4‖ for each question with this response) ―Very afraid,‖(scored as ―5‖ for each
question with this response) and ―I don’t know, because this never happened to me,‖(scored as
missing). A missing value was replaced with the variable’s median value (there were 275

16
imputations of 6873 potential values—4.00%--involving 51 participants). The Dental Fear
Survey and Short Form Fear of Pain Questionnaire were presented either on paper or on a
computer screen.
The Dental Fear Survey and Short Form Fear of Pain Questionnaire responses were
added. The possible scores for the Dental Fear Survey were from 20 (no fear) to 100 (very much
afraid) and for the Short Form Fear of Pain Questionnaire from 9 (no fear) to 45 (very much
afraid). The Dental Fear Survey was dichotomized based upon previous research,40as was the
Short Form Fear of Pain Questionnaire.
The Dental Fear Survey is a scale with internal consistency, test-retest reliability, and
usefulness both clinically and non-clinically.32-36 The Dental Fear Survey also is widely used in
epidemiological research due to its validity.35-36 The Short Form Fear of Pain Questionnaire also
has internal consistency, good test-retest reliability and usefulness both clinically and nonclinically.37
Fatalism was measured with a 12-item fatalism questionnaire (Fatalism Scale)41,42
presented either on paper or on a computer screen. It was based upon the Multiphasic
Assessment of Cultural Constructs Short Form in which items 1-8 of the Fatalism Scale were the
fatalism subscale of the cultural assessment.43 Items 9-12 of the Fatalism Scale are dentally
related questions. The Fatalism Scale Likert-style responses were: ―Definitely false,‖
―Somewhat false,‖ ―Somewhat true,‖ and ―Definitely true.‖ A missing value was replaced with
the variable’s mean value (there were 28 imputations of 2844 potential values—0.98%-involving 24 people). The fatalism response to question 7 was reverse scored. The items were
added with potential scores with values of 12-48 and dichotomized into low and high. The
Fatalism scale41 has been used previously in dental research. Dental specific items were
significantly correlated with the Dental Neglect Scale (β=-.385).42
Other variables
Gender, race/ethnicity, household income, highest educational level in the household,
age, site (location of home), and body mass index were considered for the multivariable model.
Due to the high, non-Hispanic White population in Appalachia, race/ethnicity was dichotomized
into White and minority. Normal weight was a body mass index (BMI) less than 25, overweight
was a BMI of 25 to 30, and obese was a BMI of 30 and above.2 Highest education level in the
household was a derived variable based upon relating index person with people living in the
household. Education was dichotomized into less than high school and high school graduation
vs. more than high school Household income was a derived variable based upon relating index
person with people living in the household and was categorized as less than $15,000; $15,000$49.999; and $50,000 and greater. Site was categorized as Pennsylvania (PA) or West Virginia
(WV). Age was categorized as 11 years, 12 years, and 13 years.
Statistical Analysis
Statistical analysis was conducted using SAS (version 9.2, Cary, NC). Statistical
significance was defined as p < 0.05. The descriptive characteristics of the study population
were presented as frequencies and analyses comparing the characteristics and WHO DMFT
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levels. The calculations used Cochran-Mantel-Haenzel mean score test, Mantel-Haenzel Chi
Square test with standardized midrank scores, or Mantel-Haenzel Exact Chi Square test.
Generalized estimating equation (GEE) regressions were planned to evaluate the
associations between WHO DMFT and family structure, fatalism, fear. GEE was needed due to
the families (clusters) under study which created units which were not independent. The
exchangeable working correlation was used. For the overall full multivariable model, the
potential confounding of race/ethnicity (minority vs. White), income ($15,000 to $50,000 and
over $50,000 vs. less than $15,000), family education attainment (high school/less than high
school vs. more than high school); age (13 years and 12 years vs. 11 years); body mass index
(obese and overweight vs. normal weight); site (WV vs. PA), and gender (female vs. male),
against the family, fatalism, or fear variables was considered.
2.3 Results
Table 2 presents the descriptive characteristics of the study’s population. There was
equal representation in gender (50.4% females), and age (32.1% aged 11 years, 31.7% 12 years,
and 36.3% aged 13 years). The majority of participants were white (82.2%), lived in West
Virginia (65.0%), had families whose highest education was more than high school (56.6%) and
were either the first biological child (47.7%) or the second biological child (32.1%). There were
22.5% having an income of less than $10,000. The mean body mass index was normal, 22.55 (±
standard deviation of 6.39). There were 38.0% reporting fear on the Dental Fear Survey. The
majority of the children had some/pretty much/very much fear (80.2%) on the Short Form Fear
of Pain Questionnaire. Fatalism was reported by 38.0% on the Fatalism Scale. There were
33.8% who had a DMFT of 0. The mean DMFT was 2.17 (standard deviation 2.58).
Table 3 provides the relationships between/among WHO very low, low, moderate and
high DMFT severity categories and gender, race/ethnicity, site, family income, highest education
in the family, family relationship to the index person, age, and body mass index. There was one
significant association, which was the association of increasing family educational level with a
decreasing WHO DMFT severity level (p = 0.0468). The family relationship with the index
person was not significantly associated with WHO DMFT severity.
Table 4 relates the associations of the 12 fatalism questions and WHO DMFT severity
categories. The Fatalism Scale (12 items) was not significantly related with WHO DMFT
severity (p = .4592). Table 5 displays the Dental Fear Survey and the Short Form Fear of Pain
Questionnaire results. There were no significant associations for WHO DMFT severity and fear
(p = .3100 for Dental Fear Survey, and p = .4491 for Short Form Fear of Pain Questionnaire).
Unadjusted odds ratios, single variables, overall
Table 6 indicates the generalized estimating equation for the unadjusted single factors.
There were 237 children, ages 11-13 years. The variables of interest failed to reach a significant
association with the WHO DMFT dichotomized high vs. low categories. Second biological child
vs. first biological child had an unadjusted odds ratio (OR) of 1.03 (95% CI: 0.53, 1.97; p =
.9405). For relationships in the household which were nieces, nephews, grandchildren or step
children vs. first biological child, the OR was 1.61 (95% CI: 0.78, 3.32; p = .1941). For Fatalism
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Scale, the OR was 1.23 (95% CI: 0.66, 2.66; p = .6140). For the Dental Fear Survey, the OR
was 0.74 (95% CI: 0.39, 1.39; p = 0.3501). For the Short Form Fear of Pain Questionnaire, the
OR was 0.78 (95% CI: 0.37, 1.62; p = 0.5036).
Overall multivariable models
Included in the initial, full model were: gender (female vs. male), race/ethnicity (minority
vs. White), birth categories (second biological child, other vs. first biological child); Fatalism
Scale (high vs. low); Dental Fear Survey (high vs. low); Short Form Fear of Pain Questionnaire
(high vs. low); income (less than $15,000, $15,000 to $50,000 vs. $50,000 and above), and
family education attainment (high school/less than high school vs. more than high school); BMI
(obese, overweight vs. normal weight); site (WV vs. PA), and age (13 years; 12 years vs. 11
years).
The model used an exchangeable working correlation structure (0.210276812). It had
187 clusters, and a Quasilikelihood under the Independence Model Criterion fit of 216.1571.
The variables of interest failed to reach a significant association with the WHO DMFT
dichotomized high vs. low categories. Second biological child vs. first biological child had an
adjusted odds ratio (AOR) of 0.99 (95% CI: 0.42, 2.32; p = .9726). For relationships in the
household which were nieces, nephews, grandchildren or step children vs. first biological child,
the AOR was 2.10 (95% CI: 1.26, 5.54; p = .1359). For Fatalism Scale, the AOR was 1.01 (95%
CI: 0.48, 2.14; p = .9760). For the Dental Fear Survey, the AOR was 0.74 (95% CI: 0.32, 1.71; p
= 0.4867). For the Short Form Fear of Pain Questionnaire, the AOR was 0.96 (95% CI: 0.34,
2.77; p = 0.9468).
A reduced model was developed for more precision for the outcome variables of interest.
The model adjusted for gender (female vs. male), age (13 years; 12 years vs. 11 years), and
family education (less than/high school vs. more than high school) based upon the strong
confounding of these variables and previous epidemiological research.14, 44 The variables of
interest failed to reach a significant association with the WHO DMFT dichotomized high vs. low
categories. Second biological child vs. first biological child had an AOR of 1.22 (95% CI: 0.56,
2.64; p = .6223). For relationships in the household which were nieces, nephews, grandchildren
or step children vs. first biological child, the AOR was 2.08 (95% CI: 0.91, 4.74; p = .0817). For
Fatalism Scale, the AOR was 1.05 (95% CI: 0.53, 2.06; p = .8939). For the Dental Fear Survey,
the AOR was 0.78 (95% CI: 0.38, 1.61; p =.5036). For the Short Form Fear of Pain
Questionnaire, the AOR was 1.20 (95% CI: 0.46, 3.14; p =.7104).
Male multivariable models
Table 7 presents the multivariable models from the generalized estimating equation by
gender, male. There were 117 males, ages 11-13 years. For the family, fear, and fatalism factors
in the full model, there were no significant associations with WHO DMFT dichotomized high vs.
low categories at the p = 0.05 level. The model included the same factors as the overall model.
The model used an exchangeable working correlation structure (-0.56780622). It had 105
clusters, and a Quasilikelihood under the Independence Model Criterion fit of 102.5924. Second
biological child vs. first biological child had an AOR of 0.37 (95% CI: 0.06, 2.25; p = .2811).
For relationships in the household which were nieces, nephews, grandchildren or step children
vs. first biological child, the AOR was 2.72 (95% CI: 0.62, 11.0; p = .1857). For Fatalism Scale,
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the AOR was 3.42 (95% CI: 1.41, 16.44; p = .1250). For the Dental Fear Survey, the AOR was
1.08 (95% CI: 0.29, 4.10; p = .9075). For the Short Form Fear of Pain Questionnaire, the OR
was 0.58 (95% CI: 0.12, 15.73; p =.4977).
The reduced model had the outcome variables of interest and adjusted for age (13 years;
12 years vs. 11 years), and family education (less than/high school vs. more than high school).
The variables of interest failed to reach a significant association with the WHO DMFT
dichotomized high vs. low categories. Second biological child vs. first biological child had an
AOR of 0.62 (95% CI: 0.20, 1.91; p = .4099). For relationships in the household which were
nieces, nephews, grandchildren or step children vs. first biological child, the AOR was 2.88
(95% CI: 0.90, 9.22; p = .0817). For Fatalism Scale, the AOR was 1.29 (95% CI: 0.46, 3.63; p =
.6343). For the Dental Fear Survey, the AOR was 1.65 (95% CI: 0.60, 4.60; p = .3397). For the
Short Form Fear of Pain Questionnaire, the AOR was 0.80 (95% CI: 0.25, 2.62; p =.7188).
Female multivariable models
Table 8 presents the multivariable models from the generalized estimating equation by
gender, female. There were 119 females, ages 11-13 years. For the family, fear, and fatalism
factors in the full model, there were no significant associations with WHO DMFT dichotomized
high vs. low categories at the p = 0.05 level. The model included the same factors as the overall
model. The model used an exchangeable working correlation structure (-0.127767533). It had
103 clusters, and a Quasilikelihood under the Independence Model Criterion fit of 119.6609.
The variables of interest failed to reach a significant association with the WHO DMFT
dichotomized high vs. low categories. Second biological child vs. first biological child had an
AOR of 1.57 (95% CI: 0.46, 5.29; p = .4685). For relationships in the household which were
nieces, nephews, grandchildren or step children vs. first biological child, the AOR was 1.67
(95% CI: 0.92, 6.29; p = .4516). For Fatalism Scale, the AOR was 0.74 (95% CI: 0.25, 2.25; p =
.6009). For the Dental Fear Survey, the AOR was 0.54 (95% CI: 0.16, 1.85; p = 0.3289). For
the Short Form Fear of Pain Questionnaire, the OR was 1.14 (95% CI: 0.22, 5.76; p = 0.8764).
The reduced model had the outcome variables of interest and adjusted for age (13 years;
12 years vs. 11 years), and family education (less than/high school vs. more than high school).
The variables of interest failed to reach a significant association with the WHO DMFT
dichotomized high vs. low categories. Second biological child vs. first biological child had an
AOR of 1.16 (95% CI: 0.32, 4.19; p = .8235). For relationships in the household which were
nieces, nephews, grandchildren or step children vs. first biological child, the AOR was 2.22(95%
CI: 0.76, 6.48; p = .1458). For Fatalism Scale, the AOR was 0.75 (95% CI: 0.26, 2.14; p =
.5869). For the Dental Fear Survey, the AOR was 0.49 (95% CI: 0.16, 1.51; p = .2138). For the
Short Form Fear of Pain Questionnaire, the AOR was 2.14 (95% CI: 0.42, 10.79; p =.3577).
2.4 Discussion
The principle findings of this study of West Virginia and Pennsylvania children, ages 1113 years, were the failure to determine significant associations of WHO DMFT dichotomized
categories and family relationships, fatalism, and fear. Similarly in male and female sub-group
analyses, family relationships, fatalism, and fear were not significantly associated with WHO
DMFT dichotomized categories.
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The Appalachian culture has often been described as more fatalistic than the remainder of
the nation, a condition also described as a pejorative, cultural stereotype.45 There is little
objective information describing variability in fatalism on a population level or among
subgroups,40 particularly pre-teenage children. The overall fatalism to the Fatalism Scale by the
children in this study was 62.0%.
A literature search of PubMed for ―dental fatalism children, adolescents, pre-teens‖
resulted in 1 article relating specifically to attitudes of dental fatalism, and it pertained to the
development of 4 measures for beliefs/cognitions for mothers of children (ages 1-5 years).46
Beliefs such as fatalism, have been reported as barriers to preventive medical (specifically,
cancer) services in West Virginian adults,47and similar denial and fatalism may also function as
barriers to preventive medical (cholesterol screenings) for pre-teens.48 A focus group study of
cholesterol screening included 50 West Virginia adults and 92 West Virginia children aged 11
years. It found prevention was less of a concern to people who embraced the performance model
of health in which health is equated to productivity, and fulfilling one’s usual role. There were
fatalistic themes for adults, with comments such as ―I'm going to live the way I want to live. I'm
going to die happy doing what I want to do. I think that's how a lot of people feel—you know,
I'm going to die anyway. I might as well enjoy what I'm doing.‖48 Another parent remarked,
―They just feel it's [heart disease] going to get them no matter what. It doesn't make any
difference. That's pretty much the whole attitude.‖48 However, fatalism was not determined as a
theme for the children aged 11 years in the focus group. Nevertheless, the results of the current
study indicate fatalism exists in the area of oral health. Supportive of this outcome is a study of
adolescents in Quebec which indicated similar attitudes in children, 13-14 years, who considered
tooth loss to be a normal consequence of age.49
Limited global studies support the intergenerational differences in attitude between
parents and children toward oral health. In a study of children, ages 11-14 years, in Canada, the
children reported that their oral health impacted their quality of life to a greater extent than their
mothers reported.50 In Brazil, a study of children, 11-14 years, indicated significant, although
minor, differences between the children and mothers regarding oral health quality of life.51 As
children mature, attitudes and appraisals differ, particularly on the domains that reflect social and
emotional points of view,52which would include self-assessment of quality of oral health, and
dental fatalism.
There was a lack of literature citing family structure and dental health for pre-teens,
particularly in the Appalachian culture. However, a study based in Germany, indicated that nonnuclear families were less likely to access dental care, and consumed 17 g of additional sugar
than nuclear families, although the level of tooth care was the same in the non-nuclear as the
nuclear families in terms of tooth brushing, and use of fluoridated toothpaste.13 While, a study in
Brazil indicated that family structure, and number of siblings, were significantly related with
poor oral health related quality of life, when placed into a multivariable model, these factors
were no longer significant.53 Similarly, the results of this study were not significant for birth
order (second biological child vs. first biological child, or for other family relationships such as a
family including nieces, nephews, step-children, or grandchildren as compared with first
biological child) and WHO DMFT severity. Previous research is limited and complex. This
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study adds an evaluation of birth order factors as they relate to dental health in Appalachia West
Virginia and Pennsylvania to the literature.
In terms of fear, 38.0% reported some, pretty much or very much fear on the Dental Fear
Survey and 80.2% on the Short Form Fear of Pain Questionnaire. A previous study testing the
genetic dental fear component with twins (monogygotic and dizygotic) with probandwise
concordance indicated that aspects of dental fear were heritable.54 Current research is in
progress to determine the genetic and epigenetic components in the COHRA study and it is
expected that fear may be explained, in part, with genetic antecedents. A study conducted in
Spain with children, ages 7-14 years, indicated females were more likely to have a higher dental
fear associated with a higher DMFT index, whereas male’s dental fear did not influence DMFT
index.55 Fear, in multivariable analysis of a study of children, ages 8-14 years, was not
significant for oral health (using the Revised Children’s Manifest Anxiety Scale for fear).56 A
study in Sweden of children (full and pre-term) ages 12 to 14 years, indicated a low prevalence
of fear (as measured with the Children’s Fear Survey Schedule-Dental Subscale) as well as a
satisfaction with dental care.57 Though the results were not significant, females with higher fear
of pain had high caries experience, while males with higher fear of pain had low caries
experience. The results reverse with the Dental Fear Survey in which the females with higher
fear have a low caries experience and the males with higher fear have a higher caries experience.
These results indicate the complexity in attitudinal and cultural factors occurring with this age
group.
This study was cross-sectional in design, so causality is not possible to determine and
inferential or temporal evaluations of WHO DMFT high vs. low categories and dental fear,
fatalism and family relationships are also not possible. However, this was a moderately sized,
recent study of children, ages 11-13 years, offering an insight to the changing nature of the
Appalachian culture with this emerging age cohort. Nevertheless, a larger sample would have
provided more precision in the analysis. Future research should attempt to develop and evaluate
an intervention to reduce dental fatalism directed to these children and provide education
concerning the value of preventive care.
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Chapter 3
Cross-sectional analyses of family structure, fear and fatalism upon caries experience in
West Virginia and Pennsylvania adolescents, ages 14-17 years
Abstract
Globally, all adolescents are faced with many physical, fiscal, psychological, and social beliefs
and challenges, many of which may impact their dental health.
Purpose: The purpose of this study was to explore the relationships of family structure, dental
fear, and fatalism upon dental caries experience with the criteria established by the World Health
Organization for very low, low, moderate, and high caries experience (dichotomized to high and
low) upon West Virginia and Pennsylvania adolescents, ages 14-17 years.
Method: The 2002-2009 Genetic Factors Contributing to Oral Health Disparities in Appalachia
data collected from the Center for Oral Health Research in Appalachia (COHRA) were used in a
cross-sectional study.
Results: Overall, family (single parent vs.both parents, same home; and second biological child
vs. first biological child and niece/nephew/step-/grandchild/other vs. first biological child) failed
to reach a significant difference with caries experience. However, in gender sub-group analysis,
living with a single parent was protective for males, with an adjusted odds ratio (AOR) of 0.08
(95% Confidence Interval [CI]: 0.01, 0.42; p = 0.0249). The Fatalism Scale failed to reach a
significant difference with caries experience in the overall model. For females, there was an
AOR of 6.60 (95% CI: 1.89, 9.64; p = 0.0076). Although the Short Form Fear of Pain
Questionnaire failed to reach a significant difference with caries experience in the overall model,
for males, the AOR was 12.86 (95% CI: 1.71, 96.59; p = 0.0130) and for females, the AOR was
0.08 (95% CI: 0.01, 0.55; p = 0.100). There were 36.1% reporting fear on the Dental Fear
Survey; 63.9% on the Short Form Fear of Pain Survey; and 43.5% reporting fatalism on the
Fatalism Scale. There were 54.6% first biological children; 20.6% second biological children,
and 24.8% with other family relationships; 53.5% lived in single parent homes.
Conclusion: For adolescents, ages 14-17 years, in Appalachia West Virginia and Pennsylvania,
caries experience was impacted in females by fatalism and in males by fear of pain therefore
developing interventions addressing these issues may be helpful in lowering the caries burden.
3.1 Introduction
Adolescence is a time of significant change for children. There are shifts in biology,
psychology, and cognition, as well as separation from parents/guardians/adult-household
members. Some of the separation, rebellion, and harmful risk-taking behaviors are issues of
concern.1-6 Smoking, illicit drug use, unprotected sexual activity, poor dietary choices, and poor
driving skills are a few of the many public health challenges regarding adolescents. For
example, there were 12.2% of high school seniors who smoked cigarettes within the last 30 days
and 43% of students in ninth through twelfth grade who drank alcohol.2
Young children are dependent upon the parent/guardian/adult-household members for
dietary choices, presentation for needed healthcare, and healthcare activities. Parental
knowledge (education) greatly impacts young children. However, adolescents have less such
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dependence upon parent/guardian/adult-household members and begin to make their own
dietary, and healthcare-seeking behavior lifestyle choices.
For example, there has been a significant increase in overweight and obesity in
adolescents. From 1986-1998 the number of overweight and obese adolescents increased by
50% for non-Hispanic whites and 120% for non-Hispanic blacks and Hispanics.7 Soda use in
adolescents is a major concern and risk factor for both adolescent caries and overweight. A
relationship of 0.24 kg/meter-squared increase in body mass index and each additional sugarsweetened drink was shown in one study (after adjusting for anthropometrics, demographics,
diet, and lifestyle covariates).8 Nevertheless, in a national study of 15,112 adolescents, lower
parental education impacted obesity with a population attributable risk of 39%.9 The population
attributable risk of low household income and obesity was also strong (32%).9 These findings
indicate strong parental influences may still operate in parent/adolescent relationships. Family is
reported to be an adolescent’s primary influence with effects remaining into adulthood,2,10 even
in the midst of the change in family structure. The average family in the United States in 1960
was the nuclear family with two biological parents. Since then, there has been an increasing
trend in the number of single-parent families, from 13% in 1960, to 25% in 2000, and 27% in
2010 as well as a trend of fewer children in a family.11 The average household size was 2.62 in
2000 and was 2.59 in 2010.11
In terms of oral hygiene and family structure, adolescents, living with a single mother or
neither parent, self-reported less good oral health, and more gingival bleeding than those living
with both parents, independent of other family characteristics.12 When family socioeconomic
status (SES) is considered with oral health, the impact was reported to be substantial. A
longitudinal study of the effect of family SES on adolescents, indicated that adolescents who had
always lived in a poor family household had the worst profile of dental caries, but were not
statistically different from either adolescents who moved from childhood poverty to non-poverty,
or those who moved from non-poverty in childhood to poverty in adolescence.13 This study
indicated low family SES in any one stage of childhood compromised dental health, a result in
support of the models of risk accumulation.13 In the United States, over one-fifth of children
under age 18 years lives in poverty (23.2% in rural areas and 21.0% in urban areas across all
categories of age, sex, and family status).14 In terms of SES and caries severity, there are few U.
S. studies. A study in Pennsylvania indicated that the SES gradient was associated with caries
and caries severity for adolescents in 9th through 12th grade, although caries was not accounted
for by SES associated differences in the putative mediators of brushing, flossing, sealants,
fluoride, or recent dental visits.15 A national study, indicated that adolescents (ages 15-18 years)
with low SES and at least 1 filled or decayed tooth had similar in caries as compared with
adolescents of higher SES who had at least 1 filled or decayed tooth.16
The prevalence of adolescent caries has decreased between the first and third National
Health and Nutrition Examination Survey in the United States.17,18 However, in sub-group
analysis, Mexican-Americans and those living between 100% and 199% of the Federal Poverty
Level (FPL) did not have significant declines.18 There were 59% of U.S. adolescents, ages 12 to
19 years, with caries in permanent teeth.18 There were 23% of adolescents, ages 12 to 19 years,
with untreated decay.18 The adolescents had a mean of .54 decayed or missing permanent
surfaces.18 The hope is that progress is being made with caries reduction overall on a national
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level with adolescents. However family, regional, and cultural environments vary within the
United States and globally. They may impact dental caries in many and complex manners. For
example, rural/urban status for adolescents in Uganda, indicated a higher decayed missing and
filled teeth (DMFT) index for rural adolescents.19 The rural/urban pattern was reversed in
adolescents in India.20 Within the United States, overall, rural areas are described as areas where
residents have the least likelihood of having had a dental visit in the previous year,21,22 however
some specific rural areas have reasonably good access to dental care.23
One rural area of interest in adolescent oral health is Appalachia. The Appalachian
region contains 205,000 square miles enveloping sections of the states of New York,
Pennsylvania, West Virginia, Maryland, Ohio, Virginia, Maryland, Ohio, Virginia, Kentucky,
Tennessee, North Carolina, South Carolina, Alabama, Georgia, and Mississippi.22 The region is
42% rural.24 West Virginia is the sole state entirely enclosed the Appalachian Region, and much
of it geographically isolated. The state has two main interstate corridors, north/south (I-79) and
east/west (I-68); but many residents in the mountainous areas are homebound or do not travel far
from home due to lack of transportation, or to weather-related road closures. Isolation has been a
factor in the significant health and social challenges faced by the people in Appalachia, but the
people in West Virginia have resilience, self-determination, spirituality, and connections to
family and community, which may be health-protective.25
In Pennsylvania, the Appalachian counties are diverse. Many of the counties are rural,
while there are also large urban areas within Appalachia Pennsylvania, including Pittsburgh and
Erie. The north/south I-79 corridor continues into Pennsylvania Appalachia and two east/west
interstates (I-80 and I-70/76) transverse the region. In 2012, Pennsylvania Appalachia identified
124 distressed areas.26 The Appalachian Mountain chain continues into Pennsylvania, and the
same factors which isolate the people in West Virginia occur in Pennsylvania, however the
rapidly rising mountain peaks and steep declines that make many roads impassable in West
Virginia winters are less abrupt in Pennsylvania.
The transition from childhood to adulthood in Appalachia is thought to have has many
cultural challenges in addition to the geographical challenges. This study’s purpose was to
determine the association of adolescent family structure, dental fear, and fatalism with oral
health in terms of caries experience. There is a lack of oral health data concerning adolescents
who reside in Appalachia. This study explored attitudes and family structure which may impact
the delivery of dental care.
The research hypotheses were that West Virginia and Pennsylvania children, ages 14-17
years, 1) who were the first biological children were more likely to have low WHO DMFT
severity dichotomized categories than a second biological child or niece/nephew/step-/grandchild
in the home; 2) who were living with 2 parents in the same home were more likely to have low
WHO DMFT dichotomized categories than those living in single parent homes; 3) who were
fearful are more likely to have high WHO DMFT dichotomized categories as compared with
those who had little or no fear; and 4) who were fatalistic were more likely to have high WHO
DMFT dichotomized categories as compared with those who were not fatalistic.
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Although Appalachia may be defined as including specific counties, it may also be
defined at the state level as including the thirteen states enveloping the Appalachian Mountains.
In this study, the definition of Appalachia Pennsylvania and West Virginia are at the state level.
3.2 Methods
This study was approved by the West Virginia University Institutional Review Board
(#H-24094). It was funded by grants from the National Institute of Dental and Craniofacial
Research (R01-DE014899, R01-DE014899-03S1, R01-DE014899-04S1, and U01-DE018903),
the University of Pittsburgh, School of Dental Medicine, the West Virginia University School of
Dentistry, and the West Virginia University Eberly College of Arts and Sciences.
The 2002-2009 Genetic Factors Contributing to Oral Health Disparities in Appalachia
study (COHRA) data collected for the Center for Oral Health Research in Appalachia were used
for this study. The COHRA protocols are presented elsewhere.27 The COHRA study was
designed as a longitudinal study of the natural course of caries in which no interventions were
developed. The study’s intent was to examine risk factors for the disproportionate oral disease in
Appalachia from a family-based perspective.
This study is a cross-sectional study of the adolescents in the COHRA study population.
Study Population
Eligibility requirements for the original COHRA study included that a participant (the
index person) must have at least one biological child who was between the ages of 1 and 18
years who was also in the study. The participant’s household members were all eligible to
participate in the study. Biological, matrimonial, or other legal status was not required beyond
the index person and biological child requirements. Candidates were excluded if he or she had
neurological impairments, psychosis, severe physical or intellectual handicap and situations in
which either the parent/child of the biological pair had impaired ability to clot or resist infection.
The families were recruited from West Virginia (N = 813) and Pennsylvania (N = 542),
resulting in 1,355 families and 1818 participants. The evaluation of the family members
included an oral clinical evaluation, questionnaires, and laboratory tests. Recruitment occurred
through the media (newspapers, television, and radio) and through fliers and brochures
distributed throughout the survey area. Pennsylvania study participants received $25. West
Virginia study participants received a $25 gift card. If all family members participated in West
Virginia, the family received an additional $100 gift card. Children provided written assent,
where appropriate, and parents provided consent for the children. Adult participants provided
consent.
The adolescent subset was extracted from the original COHRA data of 219 adolescents
aged 14-17 years. This study included adolescents with complete DMFT data (6 had missing
data), family relationships to the index person, and responses to at least 20% of the fear and
fatalism questions (22 were missing more than 20%). There were 191 adolescents in this study.
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Outcome of interest-caries experience
Calibrated examiners (dentists and dental hygienists) completed the clinical evaluations.
Inter-rater Cohen’s Kappa was 0.83.27 The variable of interest was caries experience, the World
Health Organization DMFT scale dichotomized into high and low categories. DMFT was
derived from evaluation of the occlusal, mesial, distal, buccal and lingual tooth surfaces on all
teeth present, except third molars under artificial lighting without radiographic support or the use
of a dental explorer. Explorer use was permitted to determine suspicious, potential interproximal
caries. The teeth were evaluated after drying with air or gauze. DMFT is a summation of the
number of teeth with active caries, history of caries (restorations), and missing teeth due to
caries, as reported by the participant. Since DMFT is confounded by age, definitions of very
low, low, moderate and high caries categories vary by age. A World Health Organization and
University of Pittsburgh definition of caries experience, based on DMFT for adolescents, was
used.
For adolescents ages 14-17 years, the categories were: very low caries experience
(DMFT= 0-2); low caries experience (DMFT = 3-5); moderate caries experience (DMFT = 6-8)
and high caries experience (DMFT ≥ 9).28,29 For the generalized estimating equations, these were
dichotomized into low (DMFT = 0-5) and high (DMFT ≥ 6).
Variables of interest
Family structure, dental fear, and fatalism were the variables of interest. For family
structure, the question posed to the adolescents and used for the study was, ―If you live with at
least 1 parent, do you live with both of your parents in the same house?‖ Responses were
yes/no/don’t know. Additionally family relationship to the index person was reported by the
index person as being a first biological child, second biological child, third biological child,
fourth biological child, fifth biological child, seventh biological child, first step child, second
step child, grandchild or niece/nephew.
Two dental fear instruments were used by the adolescents: the 20-question Dental Fear
Survey;30-34and the 9-question Short Form Fear of Pain Questionnaire35-40The participants
responded to the items with the Likert-type options of: ―Not afraid at all‖ (scored as ―1‖ for each
question with this response), ―A little afraid,‖ (scored as ―2‖ for each question with this
response), ―Somewhat afraid,‖(scored as ―3‖ for each question with this response), ―Pretty much
afraid,‖(scored as ―4‖ for each question with this response) ―Very afraid,‖(scored as ―5‖ for each
question with this response) and ―I don’t know, because this never happened to me,‖(scored as
missing). Missing values had the median imputed (there were 58 imputations of 6351 possible
responses—.91%--involving 18 participants). Both instruments were self-reports answered on
paper or on a computer screen.
The values of the Dental Fear Survey and Short Form Fear of Pain Questionnaire
responses were summed. Potential scores were from 20 (no fear) to 100 (very much afraid) for
the Dental Fear Survey and from 9 (no fear) to 45 (very much afraid) for the Short Form Fear of
Pain Questionnaire. Based upon previous research, the Dental Fear Survey was dichotomized to
high and low.40 Similarly, the Short Form Fear of Pain Questionnaire was dichotomized to high
and low.
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The Dental Fear Survey has internal consistency, test-retest reliability, and is used both in
a clinic setting and for non-clinical research.30-34The Dental Fear Survey is commonly utilized in
dental research due to its validity.33,34 The Short Form Fear of Pain Questionnaire has internal
consistency, good test-retest reliability and is used in clinical settings, and research settings.37
The fatalism instrument was a 12-item fatalism questionnaire (Fatalism Scale)39,40 that the
adolescents responded to either on paper or on a computer screen. The basis for the instrument
was the Multiphasic Assessment of Cultural Constructs Short Form in which items 1-8 of the
Fatalism Scale were the fatalism subscale of the original cultural assessment.41 Items 9-12 of the
Fatalism Scale are oral health related items. The possible responses were: ―Definitely false,‖
―Somewhat false,‖ ―Somewhat true,‖ and ―Definitely true.‖ The missing values were replaced
with the variable’s mean value (there were 8 imputations of 2,292 possible responses—0.31%-involving 6 participants). Question 7 was reverse coded. The items were added. The possible
scores were 12-48. The range was dichotomized into high and low.
Previous dental research has utilized the Fatalism scale39 and the specific dental items.
The specific dental items were significantly correlated with the Dental Neglect Scale (β=-.385).40
Other variables
Gender, race/ethnicity, household income, highest educational level in the household,
age, site (location of home), and body mass index were considered for use in the multivariable
model. Due to the high, non-Hispanic White population in Appalachia, race/ethnicity was
dichotomized into White and minority. Normal weight was a body mass index (BMI) less than
25, overweight was a BMI of 25 to 30, and obese was a BMI of 30 and above.2 Highest
education level in the household was a derived variable based upon relating index person with
people living in the household. Education was dichotomized into less than high school and high
school graduation vs. more than high school Household income was a derived variable based
upon relating index person with people living in the household and was categorized as less than
$15,000; $15,000-$49.999; and $50,000 and greater. Site was categorized as Pennsylvania (PA)
or West Virginia (WV). Age was categorized as 14 years, 15 years, 16 years and 17 years.
Statistical Analysis
Study population characteristics, univariate analysis, and modeling were accomplished
with SAS (version 9.2, Cary, NC). A priori statistical significance was defined as p < 0.05. The
study participants were described with frequencies and analyses comparing the variable of
interest with the WHO DMFT severity levels. The comparisons were performed using CochranMantel-Haenzel mean score test, Mantel-Haenzel Chi Square test with standardized midrank
scores, or Mantel-Haenzel Exact Chi Square test.
Due to non-independent units (family clusters), generalized estimating equation (GEE)
regressions were used for family structure, fatalism, fear and DMFT categories. The
exchangeable working correlation was utilized.
For the overall multivariable model, and gender-stratified multivariable models, potential
confounding of race/ethnicity (minority vs. White), income ($15,000 to $50,000 and over
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$50,000 vs. less than $15,000), family education attainment (high school/less than high school
vs. more than high school); age (17 years, 16 years, and 15 years vs. 14 years); body mass index
(obese and overweight vs. normal weight); site (WV vs. PA), and, for the overall model, gender
(female vs. male), against the family, fatalism, or fear variables was considered. A priori, a 10%
or greater change in the family, fatalism, or fear variables by the potential confounder was the
criterion for inclusion in the model selection process with a backward selection at p=0.15.
3.3 Results
Table 1 includes the descriptive characteristics of the study’s participants. The
participants were equally distributed in gender (46.6% males). The mean age was 15.2 years
(standard deviation, 1.06) with 14 years, and 15 years representing 31.9%, and 32.5%,
respectively. The participants were: primarily White (83.8%); lived in West Virginia (61.3%);
and had a family income between $35,000 and $49,999 (17.8%). The highest educational degree
in 40.5% was a high school degree; 53.5% lived in a single parent home; and 54.6% were the
first biological child of the index person. There were 63.0% who were normal weight, 23.1%
overweight and 13.9% who were obese. There were 47participants (24.6%) who had a DMFT
of 0. The mean DMFT index was 3.82 (standard deviation, 3.8). A majority (63.9%) reported
little or no fear on the Dental Fear Survey. A majority reported some/pretty much/very much on
the Short Form Fear of Pain Questionnaire (82.2%). There were 43.5% reporting high fatalism
on the Fatalism Scale. In evaluating the association of family relationship with WHO DMFT
severity, (with Cochran-Mantel-Haenzel mean score test) there were no significant associations.
Table 2 indicates the associations of the WHO DMFT severity categories of very low,
low, moderate, and high caries experience with gender, race/ethnicity, site, family income,
highest education in the family, family relationships to the index person, age, and body mass
index. Three associations were significant: 1) race/ethnicity (p = 0.0117); site (p = 0.0008); and
age (p = <.0001).
Table 3 relates the associations of the 12 fatalism questions and WHO DMFT severity
categories. The Fatalism Scale was not significantly related with WHO DMFT severity (p =
.8898).
Table 4 displays the Dental Fear Survey and the Short Form Fear of Pain Questionnaire
results. There were no significant associations of either of the fear scales and WHO DMFT
severity (p = .9035, and .0581, respectively).
Unadjusted odds ratios, single variables, overall
Table 5 indicates the generalized estimating equation for the unadjusted single factors.
There were 191children, ages 14-17 years. The variables of interest failed to reach a significant
association with the WHO DMFT dichotomized high vs. low categories. For single parent vs.
both parents, same home, the unadjusted odds ratio (OR) was 0.94 (95% CI: 0.47, 1.87; p =
.8567). Second biological child vs. first biological child had an OR of 1.52 (95% CI: 0.69, 3.34;
p = .2958). For relationships in the household which were nieces, nephews, grandchildren or
step children vs. first biological child, the OR was 1.26 (95% CI: 0.56, 2.86; p = .5796). For
Fatalism Scale, the OR was 1.03 (95% CI: 0.55, 1.92; p = .9214). For the Dental Fear Survey,
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the OR was 0.95 (95% CI: 0.49, 1.83; p = 0.8812). For the Short Form Fear of Pain
Questionnaire, the OR was 0.99 (95% CI: 0.45, 2.19; p = 0.9794).
Overall multivariable models
Included in the initial, full model were: gender (female vs. male), race/ethnicity (minority
vs. White), birth categories (second biological child, other vs. first biological child); single
parent vs. both parents, same home; Fatalism Scale (high vs. low); Dental Fear Survey (high vs.
low); Short Form Fear of Pain Questionnaire (high vs. low); income (less than $15,000, $15,000
to $50,000 vs. $50,000 and above), and family education attainment (high school/less than high
school vs. more than high school); BMI (obese, overweight vs. normal weight); site (WV vs.
PA), and age (17 years; 16 years; 15 years vs. 14 years).
The model used an exchangeable working correlation structure (-0.020239451). It had
151 clusters, and a Quasilikelihood under the Independence Model Criterion fit of 72.3658. The
variables of interest failed to reach a significant association with the WHO DMFT dichotomized
high vs. low categories. Single parent vs. both parents, same home had an adjusted odds ratio
(AOR) of 0.59 (95% CI: 0.19, 1.86; p = .3655). Second biological child vs. first biological child
had an AOR of 2.27 (95% CI: 0.76, 6.77; p = .1404). For relationships in the household which
were nieces, nephews, grandchildren or step children vs. first biological child, the AOR was 1.93
(95% CI: 0.62, 6.02; p = .2552). For Fatalism Scale, the AOR was 1.47 (95% CI: 0.57, 3.74; p =
.4238). For the Dental Fear Survey, the AOR was 1.37 (95% CI: 0.55, 3.42; p = .5042). For the
Short Form Fear of Pain Questionnaire, the AOR was 0.51 (95% CI: 0.17, 1.54; p = .2342).
A reduced model was developed for more precision for the outcome variables of interest.
The model adjusted for gender (female vs. male), age (17 years; 16 years; 15 years vs. 14 years),
and family education (less than/high school vs. more than high school) based upon the strong
confounding of these variables and previous epidemiological research.42,43 The variables of
interest failed to reach a significant association with the WHO DMFT dichotomized high vs. low
categories. Single parent vs. both parents, same home had an AOR of 0.88 (95% CI: 0.41, 1.88;
p = .7376. For relationships in the household which were nieces, nephews, grandchildren or step
children vs. first biological child, the AOR was 1.13 (95% CI: 0.44, 2.85; p = .8013). Second
biological child vs. first biological child had an AOR of 1.60 (95% CI: 0.67, 3.84; = .2929). For
Fatalism Scale, the AOR was 1.32 (95% CI: 0.67, 2.74; p = .4563). For the Dental Fear Survey,
the AOR was 1.10 (95% CI: 0.51, 2.35; p =.8160). For the Short Form Fear of Pain
Questionnaire, the AOR was 0.67 (95% CI: 0.25, 1.77; p =.4219).
Male multivariable models
Table 6 presents the multivariable full model from the generalized estimating equation by
gender, male. There were 89 males, ages 14-17 years. For the family, fear, and fatalism factors,
there were 2 significant associations with WHO DMFT dichotomized high vs. low categories at
the p = 0.05 level. The model included the same factors as the overall model (excluding gender).
The model used an exchangeable working correlation structure (-0.020239451). It had 76
clusters, and a Quasilikelihood under the Independence Model Criterion fit of 72.3658. Single
parent vs. both parents, same home had an AOR of 0.08 (95% CI: 0.01, 0.42; p = .0249). Second
biological child vs. first biological child had an AOR of 14.08 (95% CI: 0.70, 282.74; p = .0841).
For relationships in the household which were nieces, nephews, grandchildren or step children
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vs. first biological child, the AOR was 3.34 (95% CI: 0.06, 183.43; p = .5549). For Fatalism
Scale, the AOR was 0.19 (95% CI: 0.02, 1.91; p = .1576). For the Dental Fear Survey, the AOR
was 1.25 (95% CI: 0.10, 15.46; p = .8602). For the Short Form Fear of Pain Questionnaire, the
OR was 12.86 (95% CI: 1.71, 96.59; p = 0.0130).
A reduced model was developed for more precision for the outcome variables of interest.
The model adjusted for age (17 years; 16 years; 15 years vs. 14 years), and family education
(less than/high school vs. more than high school). The variables of interest failed to reach a
significant association with the WHO DMFT dichotomized high vs. low categories. For single
parent vs. both parents, same home the AOR was 1.08 (95% CI: 0.22, 3.56; p = .9046). For
relationships in the household which were nieces, nephews, grandchildren or step children vs.
first biological child, the AOR was 1.72 (95% CI: 0.38, 7.70; p = .4805). For second biological
child vs. first biological child, the AOR was 2.64 (95% CI: 0.81, 8.59; p = .1080). For Fatalism
Scale, the AOR was 1.06 (95% CI: 0.37, 3.05; p = .9135). For the Dental Fear Survey, the AOR
was 0.80 (95% CI: 0.26, 2.50; p =.7033). For the Short Form Fear of Pain Questionnaire, the
AOR was 2.65 (95% CI: 0.56, 12.49; p =.2180).
Female multivariable model
Table 7 presents the full multivariable model from the generalized estimating equation
by gender, female. There were 102 females, ages 14-17 years. For the family, fear, and fatalism
factors, there were 2 significant associations with WHO DMFT dichotomized high vs. low
categories at the p = 0.05 level. The model included the same factors as the overall model
(excluding gender). The model utilized an exchangeable working correlation structure with a
value of -0.020239451. It had 92 clusters, and a Quasilikelihood under the Independence Model
Criterion fit of 95.5859. Single parent vs. both parents, same home had an AOR of 0.94 (95%
CI: 0.22, 3.99; p = .9291). Second biological child vs. first biological child had an AOR of 0.86
(95% CI: 0.17, 4.37; p = .8629). For relationships in the household which were nieces, nephews,
grandchildren or step children vs. first biological child, the AOR was 1.13 (95% CI: 0.16, 7.87; p
= .9052). For Fatalism Scale, the AOR was 6.60 (95% CI: 1.89, 9.64; p = .0076). For the Dental
Fear Survey, the AOR was 2.26 (95% CI: 1.89, 9.64; p = .2720). For the Short Form Fear of
Pain Questionnaire, the OR was 0.08 (95% CI: 0.01, 0.55; p = 0.0100).
A reduced model was developed for more precision for the outcome variables of interest.
The model adjusted for age (17 years; 16 years; 15 years vs. 14 years), and family education
(less than/high school vs. more than high school). The variable, Short Form Fear of Pain
Questionnaire reached significance (p = 0.0119); however the other variables of interest failed to
reach a significant association with the WHO DMFT dichotomized high vs. low categories. For
single parent vs. both parents, same home the AOR was 0.65 (95% CI: 0.23, 1.49; p = .4168).
For relationships in the household which were nieces, nephews, grandchildren or step children
vs. first biological child, the AOR was 1.02 (95% CI: 0.29, 3.62; p = .9709). For second
biological child vs. first biological child, the AOR was 1.08 (95% CI: 0.24, 4.86; p = .9188). For
Fatalism Scale, the AOR was 1.88 (95% CI: 0.60, 5.87; p = .2790). For the Dental Fear Survey,
the AOR was 1.54 (95% CI: 0.51, 4.63; p =.4427). For the Short Form Fear of Pain
Questionnaire, the AOR was 0.16 (95% CI: 0.04, 0.66; p = .0119).
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3.4 Discussion
This study’s overall main findings concerning adolescents, ages 14-17 years, were that
family relationships, in terms of birth categories (second biological child, niece, nephew, stepchild, or grandchild status in the home vs. first biological child) and single parent vs. both
parents in the same home, were not significantly associated with WHO DMFT dichotomized
categories in a multivariable model; additionally, fear and fatalism did not have overall effects.
However, variations occurred in gender sub-group analysis: living with a single parent was
protective for males, (AOR 0.08); and for females, Fatalism Scale had an AOR of 6.60. The
Short Form Fear of Pain Questionnaire for males, had an AOR of 12.86, while it was 0.08 for
females. There were 36.1% reporting fear on the Dental Fear Survey; 63.9% on the Short Form
Fear of Pain Survey; and 43.5% reporting fatalism on the Fatalism Scale. There were 54.6% first
biological children; 20.6% second biological children, and 24.8% with other family
relationships; 53.5% lived in single parent homes.
The impact of parental influences on adolescents has been recognized as powerful and
lasting long after an individual leaves his or her parents’ home.10 However, parental influences
on adolescent oral health has not been widely studied, and of those studies available, disparate
results exist. Some previous research indicates that children living in nuclear families are less
likely to be in poor overall health or to have gone without needed dental care in the previous 12
months due to cost than non-nuclear families;44 and single parent families, which are more likely
to have severe economic disadvantages, have more adverse health as a result.2 For example, in
an Indian study of adolescents, ages 12-15 years, adolescents without parents had poor oral
health quality of life scores compared with those who had parents.45
However, other research has indicated that over a year, adolescent oral health (oral
hygiene behavior) are no more affected by parental influence (authoritative parent model
intervention) than traditional education of adolescents and behavior modification, or
conventional behavior modification.46 A similar study in the United Kingdom, also evaluating
preventive behavior (tooth brushing), indicated that in a multivariable model, family structure
was not significantly associated with toothbrushing.47 As older adolescents are frequently away
from home, they are less likely to share overall experiences,48 including attitudes toward oral
health. A curious result was reported in one study in which, although self-reported social
support was related to lower caries increments in adolescents, 15-16 years, the relevant support
was from a special person, rather than peers or family (controlling for demographics,
socioeconomics, and dental behavior).49
This study did not indicate dental health differences between a single parent vs. both
parents in the same home in the overall analysis, and did indicate a single parent relationship as
protective for males. Nationwide, the number of single parent homes has been increasing2 from
11% in 1970 to 32% in 2008.50 This study was higher in single parent homes with 53.5%
reporting living in a single parent home as compared with both parents, same home. As the
frequency of single parent homes increases, family trend differences may be tracking differently
for this age group.
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Also, this study did not show sibling relationship to be significantly influential in caries
experience in an overall adjusted multivariable model; however, though not to the level of
significance, for males, being the second biological child vs. the first biological child had a 14.08
AOR of high caries experience. Research is only recently focusing upon sibling relationships,
recognizing their enduring relational contexts across the life span.2 Previous studies have not
shown siblings to have strong direct effects on adolescent development, and hypotheses vary
from the contamination hypothesis (siblings have less effect on each other) to the compensation
hypothesis (siblings have more effect on each other).2
Adolescence has been described as a socially-critical period in which stable patterns of
preventive care, such as tooth brushing, are established.51 However, it is also the most difficult
time to intervene with health promotion education as adolescents often view themselves
invulnerable to health concerns and regard oral health less valuable than general health.50 The
invulnerable/lack of fear aspect of adolescent beliefs is an important consideration. In this study,
overall, no/low fear on the fear summary score was expressed by 63.9% of the adolescents with
the Dental Fear Survey Instrument, although 82.2% reported fear of pain on the Short Form Fear
of Pain Questionnaire. Although the Short Form Fear of Pain Questionnaire was not significant
in the overall multivariable analysis, it was in gender analysis—for males the AOR was 12.86
and for females it was 0.08.
Although more research is needed to explain this result, a possible explanation has been
proposed that since industrialized countries have had marked decreases in caries experience in
children, there is an associated decrease in frequency of dental procedures (beyond prophylaxis
and evaluation),52 resulting in the possibility of dental care not being perceived as a fearprovoking experience for an increasing number of adolescents. However, it does not explain the
high relationship of the Short Form Fear of Pain Questionnaire and caries experience for males.
This study’s results with the Dental Fear Survey supports a similar study in which fear
was not significantly related to overall dental caries in this age group.53 Nevertheless, a study in
New Zealand had results indicating fear increases the potential for greater caries experience in
late adolescence (15-18 years).54 And, adolescents in Singapore, who had painful dental
treatment or perceived lack of control in a dental setting, were more likely to have high fear
levels and less likely to be willing to return for dental treatment, indicating the potential for
increased future dental need and severity.55 Nevertheless, a larger sample would have provided
more precision in the analysis. Cultural differences, and instrumentation differences may be
future areas of research to explore to explain the differences.
This study has the strength of being a recent, comprehensive evaluation of adolescents,
ages 14-17 years, in an area of the United States which has not been adequately studied for oral
health. This study had a cross-sectional design. Such designs preclude the possibility of
establishing causal relationships or temporal sequencing of WHO DMFT dichotomized
categories and dental fear, fatalism and family relationships. Adolescence is a difficult
developmental stage for many children. It is a time of the establishment of dental habits which
may last over the life-course. To achieve improvements in dental health, emphasis and research
should continue as to how to address and reduce poor oral health consequences in adolescents.
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Chapter 4
Cross-sectional analyses of family structure, fear, and fatalism upon caries experience in
West Virginia and Pennsylvania Appalachia adults, ages 18 years and above
Abstract
Adults in the Appalachian Region have many oral health problems. There are many
epidemiologic factors which influence their oral health.
Purpose: The intent of this study was to consider family structure social support (as
marital/cohabitation status), dental fear, and fatalism upon dental caries experience. The study
population consisted of adults, ages 18 years and above, living in Appalachia West Virginia or
Pennsylvania.
Method: The study used data collected in 2002-2009 by the Genetic Factors Contributing to
Oral Health Disparities in Appalachia study of the Center for Oral Health Research in
Appalachia (COHRA etiology study). Data were analyzed with generalized estimating equations
in multivariable analysis.
Results: Fatalism, family structure social support, and the Short Form Fear of Pain
Questionnaire were not significantly related to caries experience in a multivariable model. A
high Dental Fear Survey score was associated with a high caries experience. The adjusted odds
ratio (AOR) was 1.76 (95% CI: 1.29, 2.40; p = .0003). It remained significant for females
(AOR= 2.11[95% CI: 1.41, 3.14; p = 0.0003]). In sub-group analysis, for males, those never
married, divorced, widowed, separated, or had other living arrangements vs. married/domestic
partnering had an AOR of 0.12 (95% CI: 0.04, 0.36; p = .0002). There were 50.9% reporting
fear on the Dental Fear Survey and 81.6% on the Short Form Fear of Pain Questionnaire. There
were 29.9% with high fatalism on the Fatalism Scale. There were 71.2% who were
married/domestic partnering.
Conclusion: Adults in Appalachia who were more fearful on the Dental Fear Survey had high
caries experiences in terms of decayed, missing and filled teeth. Interventions in Appalachia to
improve oral health should address adult patient fear as well as target oral health programs to
men who are married or have a domestic partner to improve their potential for improved oral
health.
4.1 Introduction
The conscription requirements 70 years ago for World War II included a minimum of 6
opposing teeth.1 The difficulty finding such candidates highlighted the need to address dental
disease in adults and was an impetus for the formation of the National Institute of Dental
Research.1 Dental disease in adults remains a public health concern with many conditions
showing little or no improvement. In 2004, 43.9% of U.S. adults had one or more permanent
tooth/teeth extracted, and in 2010, the percentage was 43.6%.2 In 2004, 29.1% of U.S. adults did
not visit the dentist or dental clinic within the previous year and 29.9% did not in 2010.2 Of the
U.S. adults over age 65 years, 21.3% were edentulous in 2004 and 16.9% were in 2010.2
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The most prevalent oral health issue reported by adults is toothache.3 Toothache pain
interferes with eating, swallowing and talking.3 Periodontal disease is also a concern. Severe
periodontal disease affects about 14% of adults, ages 45 to 54 years.3 Periodontal disease is a
concern as severe periodontal disease has been independently associated with increased plasma
levels of the inflammatory markers, tumor necrosis factor-α and C-reactive protein, controlling
for known risk factors for increased concentrations of the markers.4 Additionally, almost 25% of
adults reported some form of facial pain in the past 6 months.3
The oral health of older adults is a public health issue. The percentage of U.S. citizens
above age 65 years has quadrupled since 1900 (from 4.1%5 to 17.5% in 20096). The national
median age is 36.8 years, and the states with the highest median ages are Maine (42.0 years),
Vermont (42.0 years) and West Virginia (41.2 years).7 West Virginia also has 65.6% of its
population who are adults, ages 65 years and above, with 6 or more missing teeth, compared to
43.1% nationally. West Virginia has 37.8% of the population who are adults, ages 65 years and
above, who are edentulous, as compared to 18.1% nationally.8
Although older adults bear much of the chronic disease burden, including oral health
problems,7 the rise in proportion of older adult population has been associated with a rise in
proportion of older adults with some natural teeth.5,9 Tooth count is used as an indicator of oral
health, but the usefulness of the teeth in terms of oral health is determined more by the
functionality of the teeth than the number.9,10 Additionally, as the retention of teeth increases,
so does the prevalence of caries.9 This is due in part to a longer exposure to a deleterious oral
environment, shifts in diet from complex to simple carbohydrates, multiple medications with
xerostomic effects, abrasion/abfractures leading to the entrapment of food, debilitation leading to
difficulty in properly conducting oral hygiene self-care, and depression or other psychological
conditions resulting in self-neglect.9
In terms of overall health, tooth count is important. Tooth loss has been associated with a
variety of conditions and risk factors for other diseases. The incidence of ischemic stroke has
been associated with periodontal disease and tooth loss with a hazard ratio of 1.57 (95% CI:
1.24,1.98) in men with fewer than 24 teeth.11 There is an increased risk of chronic disease with
tooth loss due to dietary change (fewer fruits, vegetables and their fiber and vitamins),12,13 even
though total calories may be maintained.14 An Asian population showed an increased risk of
total death (18% (95% CI: 9%,18%)) and death from upper gastrointestinal cancer (35% (95%
CI: 14%,59%)), heart disease (28% (95% CI: 17%,40%)), stroke (12% (95% CI: 2%,23%)) and
tooth loss.16 And poorer quality of life has been associated with individuals who have fewer than
24 teeth.16 Fortunately, most oral disease is preventable.17 Population research has identified
many causal factors of poor oral health as well as many preventive factors for good oral health.
Public health and public health research is concerned with the ecosocial predictors of
disparities in health, including oral health, such as the impact of income, race/ethnicity, gender,
place of residence and age upon health status.18,19 Research has indicated a socioeconomic
gradient of oral health with those having a lower SES generally having poorer oral health.20
Tooth loss also has been related, ecologically, with state income inequity using the Gini
coefficient (one-half of the mean of the absolute differences between all pairs of income,
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normalized on the mean) with results showing a 5% change in the state Gini coefficient resulting
in almost a 20% higher odds of greater tooth loss.21
In terms of place of residence, previous studies have indicated adult rural residence is
associated with a lower quality of life, more reports of fair or poor general health, (rather than
good or excellent) and living in or near poverty, than urban residence in the United States.5,22
The U.S. Department of Health and Human Services, HHH, recognizes that health disparities
exist in many contexts, including regions. In its Healthy People 2020 health goal program, the
HHH identified health disparities on the basis of race or ethnicity, sex, sexual identity, age,
disability, socioeconomic status, and geographical location, with a goal of improving the health
of all disparate groups.23 Healthy People 2020 defines health disparity as ―a particular type of
health difference that is closely linked with social, economic and/or environmental
disadvantage.‖21 Eliminating health disparities and creating health equity, which is the
attainment of the highest level of health for all, had been the agency’s goal for the past 20
years.22 As the determinants of health (factors which influence an individual’s or population’s
health) are not fully understood, Healthy People 2020 will work to provide epidemiological
research and demographics, including rural/urban and geographic data.21 Though progress is
being made, there is a lack of epidemiological research and literature for rural areas, a situation
described as a data disparity.24 Adding to the complexity of the research is the recognition that
rural regions are heterogenous.25 One unique region is Appalachia. It consists of West Virginia,
Alabama, Georgia, Kentucky, Maryland, Mississippi, New York, North Carolina, Ohio,
Pennsylvania, South Carolina, Tennessee, and Virginia.26 The Appalachian Region has a 42%
rural population whereas the U.S. nationally has a 20% rural population.6 Many factors have
been implicated in the reception of essential dental care: access, cost, lack of providers, fear,
limited oral health literacy and understanding, socioeconomic status, and education.27,28 The new
decade brought with it a need to understand the effects of social predictors on health, and the
need to consider broad population-level effects and unique regional effects.29
The oral health of adults in Appalachia is a concern. In 2010, the national prevalence for
adults with any permanent teeth extracted was 44.0%; the prevalence of edentulous older adults
was 17%; and the prevalence of adults not visiting a dentist/dental clinic within the past year was
30.2%.2 West Virginia led the nation in the number of adults with one or more permanent
tooth/teeth extracted (60.1%), in the number of edentulous older adults (36.0%), and was third to
Oklahoma and Mississippi in residents not visiting the dentist (39.5%).2 The prevalence for
adults with any permanent teeth extracted in Pennsylvania was 51.5%; the prevalence of
edentulism in older adults in Pennsylvania was 18.0%; and 27.7% did not visit a dentist/dental
clinic within the past year.
The Appalachian culture has been described as unique due to its geographic isolation.
The purpose of this study was to explore World Health Organization severity of caries
experience, utilizing the decayed, missing and filled teeth (DMFT) index, in adults in Appalachia
West Virginia and Pennsylvania in terms of fatalistic life outlook, dental fear, and family
structure social support (marital/cohabitation status).
The research hypotheses for this study were that West Virginia and Pennsylvania adults,
ages 18 years and above, 1) who were married or had domestic partners were more likely to have
lower WHO DMFT severity than other living arrangements; 2) who were fearful were more
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likely to have increased WHO DMFT severity than those who had little or no fear; and 3) who
were fatalistic were more likely to have severe WHO DMFT than those who were not fatalistic.
As previously mentioned, Appalachia may be defined at a state level as one of the thirteen states
including the Appalachian Mountains. In this study, the definition of Appalachia Pennsylvania
and West Virginia are at the state level.
4.2 Methods
This study was approved by the West Virginia University Institutional Review Board (H24094). It was supported in part by grants from the National Institute of Dental and Craniofacial
Research (R01- DE014899, R01-DE014899-03S1, R01-DE014899-04S1, and U01-DE018903).
The study was also made possible by support of the University of Pittsburgh, School of Dental
Medicine, the West Virginia University School of Dentistry, and the West Virginia University
Eberly College of Arts and Sciences. The data were provided from the Center for Oral Health
Research in Appalachia (COHRA) etiology study for years 2002-2009, in a longitudinal study,
Genetic Factors Contributing to Oral Health Disparities in Appalachia. The protocols for the
study are presented in detail elsewhere.28 The COHRA study was conducted to follow the natural
course of oral disease and identify factors to explain the prevalence of oral disease in Appalachia
Pennsylvania and West Virginia. The innovation of the study was the use of family as a unit of
study.
In this study, cross-sectional analyses of the adult social relationships, fear, and fatalism
variables from the COHRA data base were analyzed.
Study Population
The requirements for participation in this analysis of COHRA data were that an
individual was 1) 18 years or older, 2) living in a household with a COHRA index participant
(and/or the biological parent or child). Household members were eligible regardless his or her
legal or biological relationship with the index person. Excluded from the study were individuals
who had conditions impacting the neurological, physical, or intellectual ability to complete the
study or had conditions of decreased clotting or immunity.
From West Virginia, there were 813 families in the COHRA study and from
Pennsylvania there were 542 families. There were 1319 adults. Adults were queried concerning
fear, and fatalism. Oral evaluations occurred. The survey was conducted with questionnaires,
clinical examinations, and laboratory tests of participating non-institutionalized, civilian adults.
Recruitment occurred through advertisements in newspapers, commercials on television, and
radio, and through fliers and pamphlets. The participants in West Virginia were given a $25 gift
card, and if all family members completed the study, the family received a $100 gift card. In
Pennsylvania, the participants received $25. Every adult provided consent for participation.
This study used a cross-sectional analysis design.
The adult subset was extracted from the COHRA data of 1319 adults, ages 18 years and
above. This study included adults with complete DMFT data (there were 67 with missing data),
family relationships to the index person, and responses to at least 20% of the fear and fatalism
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items (there were 127 with greater than 20% missing fear and fatalism data). The sample size of
this study was 1125.
Outcome of interest—caries experience
The oral evaluations were performed by dentists or dental hygienists (Cohen’s Inter-rater
Kappa = 0.83).28 The decayed, missing, and filled teeth index (DMFT) was derived from the
evaluation of all teeth, excluding wisdom teeth. Occlusal, buccal, lingual, mesial and distal tooth
surfaces were visually examined with a mouth mirror under operatory lighting with the use of air
or gauze to dry the teeth, if needed. Radiography and tactile examination were not utilized,
however an exception was issued to use an explorer for suspicious interproximal areas of
potential caries. The DMFT index is a summative index of existing decay, history of decay (the
presence of restorations/filled teeth; and missing teeth due to decay). DMFT has been
categorized by a modified World Health Organization/University of Pittsburgh definition of
caries experience for adults as: very low caries experience (DMFT = 0-4); low caries experience
(DMFT = 5-8); moderate caries experience (DMFT = 9-13); severe caries experience (DMFT >
13). 29,30 In the multivariable analysis the categories were low caries experience (DMFT = 0-8)
and high caries experience (DMFT ≥ 9).
Variables of interest
This study used 2 dental fear self-report instruments. The adults were presented (either
on paper or on screen) the 20-question Dental Fear Survey;31-35 and the 9-question Short Form
Fear of Pain Questionnaire36-41 The options for the Likert-type responses to the items were: ―Not
afraid at all‖ (scored as ―1‖ for each question with this response), ―A little afraid,‖ (scored as
―2‖ for each question with this response), ―Somewhat afraid,‖(scored as ―3‖ for each question
with this response), ―Pretty much afraid,‖(scored as ―4‖ for each question with this response)
―Very afraid,‖(scored as ―5‖ for each question with this response) and ―I don’t know, because
this never happened to me,‖(scored as missing). The median was imputed for missing values
(There 260 imputations of a possible 32,625 responses—0.80%--involving 95 participants).
The Likert-style scores of the Dental Fear Survey and Short Form Fear of Pain
Questionnaire responses were added. Potential summation scores were from 20 (no fear) to 100
(very much afraid) for the Dental Fear Survey and from 9 (no fear) to 45 (very much afraid) for
the Short Form Fear of Pain Questionnaire. Based upon previous research, the Dental Fear
Survey was dichotomized.41 Similarly, the Short Form Fear of Pain Questionnaire was
dichotomized.
The Dental Fear Survey has internal consistency, test-retest reliability, and is used both in
a clinic setting and for non-clinical research.31-35 The Dental Fear Survey is commonly utilized in
dental research due to its validity.34,25 The Short Form Fear of Pain Questionnaire has internal
consistency, good test-retest reliability and is used both in clinical settings and for non-clinical
rsearch.38
The fatalism instrument consisted of 12 self-reported items, the Fatalism Scale,40,41 The
scale was either presented on paper or on screen. The basis for the instrument was the
Multiphasic Assessment of Cultural Constructs Short Form.42 The Multiphasic Assessment of
Cultural Constructs Short Form’s fatalism subscale had 8 items. The items 1-8 of the Fatalism
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Scale (General Fatalism) were the fatalism subscale of the original cultural assessment.42 Items
9-12 of the Fatalism Scale are oral health related items. The possible Likert-style responses to
the fatalism items were: ―Definitely false,‖ ―Somewhat false,‖ ―Somewhat true,‖ and ―Definitely
true.‖ The missing values were replaced with the variable’s mean value (there were 45
imputations of 13,500 potential responses—0.33%--involving 42 participants). Question 7 was
reverse coded. The items were summed. Potential scores were from 12-48. The range was
dichotomized into low and high.
Previous dental research has utilized the Fatalism scale.40 The dental specific items were
significantly correlated with the Dental Neglect Scale (β=-.385).41
Other variables
Gender, race/ethnicity, household income, highest educational level in the household,
age, site (location of home), and body mass index were considered for use in the multivariable
model. Due to the high, non-Hispanic White population in Appalachia, race/ethnicity was
dichotomized into White and minority. Normal weight was a body mass index (BMI) less than
25, overweight was a BMI of 25 to 30, and obese was a BMI of 30 and above.2 Highest
education level in the household was a derived variable based upon relating index person with
people living in the household. Education was dichotomized into less than high school and high
school graduation vs. more than high school Household income was a derived variable based
upon relating index person with people living in the household and was categorized as less than
$15,000; $15,000-$49.999; and $50,000 and greater. Site was categorized as Pennsylvania (PA)
or West Virginia (WV). Age was categorized as 18-24 years, 25-44 year, 45 years and above.
Statistical Analysis
Study population characteristics, univariate analysis, and modeling were accomplished
with SAS (version 9.2, Cary, NC). A priori statistical significance was defined as p < 0.05. The
study participants were described with frequencies and analyses comparing the variable of
interest with the WHO DMFT severity levels. The comparisons were performed using CochranMantel-Haenzel mean score test, Mantel-Haenzel Chi Square test with standardized midrank
scores, or Mantel-Haenzel Exact Chi Square test.
Due to non-independent units (family clusters), generalized estimating equation (GEE)
regression models were used for family structure, fatalism, fear and DMFT categories. The
exchangeable working correlation was utilized.
For the overall multivariable model, and gender-stratified multivariable models, potential
confounding of race/ethnicity (minority vs. White), income ($15,000 to $50,000 and over
$50,000 vs. less than $15,000), family education attainment (high school/less than high school
vs. more than high school); age (25-44 year, 45 years and above vs. 18-24 years); body mass
index (obese and overweight vs. normal weight); site (WV vs. PA), and, for the overall model,
gender (female vs. male), against the family, fatalism, or fear variables was considered. A priori,
a 10% or greater change in the family, fatalism, or fear variables by the potential confounder
would be the criterion for inclusion into the model selection process and a backward selection at
p=0.15 was planned.
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4.3 Results
Table 1 provides the descriptive characteristics of the study sample. The sample was
primarily ages 25-44 years (73.1%, mean 34.3 years, Standard deviation ± 9.53); white (89.3%);
female (63.6%); and married (61.1%). Most of the participants lived in West Virginia (66.0%),
and had high school graduation as the highest household degree (38.6%). There were 16.9%
who had a family income of less than $10,000. Most of the participants were obese (42.2%) with
a mean BMI of 30.0, standard deviation ±7. 8. There were 60 participants (6.0%) who had a
DMFT of 0, and 16 who had a DMFT of 28 (1.4%). The mean DMFT was 9.3 (Standard
deviation, 6.4). The majority reported low fatalism (70.1%) on the Fatalism Scale, 50.9%
reported fear on the Dental Fear Survey and 81.6% reported fear on the Short Form Fear of Pain
Questionnaire.
Table 2 relates the severity of caries experience vs. descriptive characteristics. For
nominal characteristics, the Chochran-Mantel-Haenzel mean score test with standardized
midrank scores was used. For ranked characteristics (income, education, and BMI), the MantelHaenzel Chi Square test with standardized midrank scores was used. Race/ethnicity, and age
were significant. For race/ethnicity, p was 0.0478, and for age, p was less than .0001.
Table 3 presents the severity of caries experience and the Fatalism Scale. MantelHaenzel Chi Square Exact test with standardized midrank scores was used. The Fatalism Scale
was not significant (p = 0.3107).
Table 4 provides the severity of caries experience vs. dental fear. Manel-Haenzel Chi
Square Exact test with standardized midrank scores was used. Adults had significant caries
experience associated with the Dental Fear Survey (p < .0001). The Short Form Fear of Pain
Questionnaire was not significantly associated with caries experience (p = .6240).
Unadjusted results, overall
Table 5 indicates the generalized estimating equation for the unadjusted single factors.
There were 1125 adults, ages 18 years and above. Dental Fear Survey was the only variables of
interest to reach a significant association with the WHO DMFT dichotomized high vs. low
categories. For never married, divorced, widowed, separated, other vs. married, domestic
partner, the unadjusted odds ratio (OR) was 0.91 (95% CI: 0.70, 1.19; p = .4941). For Fatalism
Scale, the OR was 1.17 (95% CI: 0.89, 1.53; p = .2678). For the Dental Fear Survey, the OR
was 1.67 (95% CI: 1.32, 2.12; p ≤ .00001). For the Short Form Fear of Pain Questionnaire, the
OR was 1.05 (95% CI: 0.77, 1.42; p = 0.7750).
Overall multivariable model
Included in the initial model were: gender (female vs. male), race/ethnicity (minority vs.
White); never married, divorced, widowed, separated, other vs. married, domestic partner,
Fatalism Scale (high vs. low); Dental Fear Survey (high vs. low); Short Form Fear of Pain
Questionnaire (high vs. low); income (less than $15,000, $15,000 to $50,000 vs. $50,000 and
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above), and family education attainment (high school/less than high school vs. more than high
school); BMI (obese, overweight vs. normal weight); site (WV vs. PA), and age (25-44 year, 45
years and above vs. 18-24 years).
The model used an exchangeable working correlation structure (0.0325836919). It had
547 clusters, and a Quasilikelihood under the Independence Model Criterion fit of 1078.1685.
Dental Fear Survey was the only variable of interest to reach a significant association with the
WHO DMFT dichotomized high vs. low categories. Never married, divorced, widowed,
separated, other vs. married, domestic partner had an adjusted odds ratio (AOR) of 0.85 (95%
CI: 0.59, 1.23; p = .3822). For Fatalism Scale, the AOR was 1. 25 (95% CI: 0.89, 1.76; p =
.1918). For the Dental Fear Survey, the AOR was 1.76 (95% CI: 1.29, 2.40; p = .0003). For the
Short Form Fear of Pain Questionnaire, the AOR was 0.74 (95% CI: 0.49, 1.11; p = .1504).
Male multivariable model
Table 6 presents the multivariable model from the generalized estimating equation by
gender, male. There were 410 males, ages 18 years and above. For the family, fear, and fatalism
factors, there was 1 significant association with WHO DMFT dichotomized high vs. low
categories at the p = 0.05 level. The model included the same factors as the overall model
(excluding gender). The model used an exchangeable working correlation structure which was
equal to 0.3245493223. It had 342 clusters, and a Quasilikelihood under the Independence
Model Criterion fit of 402.6360. Never married, divorced, widowed, separated, other vs.
married, domestic partner had an AOR of 0.12 (95% CI: 0.04, 0.36; p = .0002). For Fatalism
Scale, the AOR was 1.49 (95% CI: 0.84, 2.62; p = .1711). For the Dental Fear Survey, the AOR
was 1.25 (95% CI: 0.74, 2.11; p = .4021). For the Short Form Fear of Pain Questionnaire, the
OR was 0.84 (95% CI: 0.46, 1.52; p = .5600).

Female multivariable model
Table 7 presents the multivariable model from the generalized estimating equation by
gender, female. There were 1715 females, ages 18 years and above. For the family, fear, and
fatalism factors, there was 1 significant association with WHO DMFT dichotomized high vs. low
categories at the p = 0.05 level. The model included the same factors as the overall model
(excluding gender). The model utilized an exchangeable working correlation structure with a
value of -0.092415803. It had 519 clusters, and a Quasilikelihood under the Independence
Model Criterion fit of 670.7900. Never married, divorced, widowed, separated, other vs.
married, domestic partner had an AOR of 1.18 (95% CI: 0.75, 1.84; p = .4742). For Fatalism
Scale, the AOR was 1.17 (95% CI: 0.75, 1.83; p = .4844). For the Dental Fear Survey, the AOR
was 2.11 (95% CI: 1.41, 3.14; p = .0003). For the Short Form Fear of Pain Questionnaire, the
OR was 0.75 (95% CI: 0.42, 1.32; p = .3120).
4.4 Discussion
The principle findings of this study of adults, ages 18 years and above, from
Pennsylvania and West Virginia were: fatalism, family structure social support, and the Short
Form Fear of Pain Questionnaire were not significantly related to caries experience in a
multivariable model. A high Dental Fear Survey score was associated with a high caries
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experience (AOR = 1.76). It remained significant for females in sub-group analysis (AOR =
2.11). In sub-group analysis, for males, those never married, divorced, widowed, separated, or
had other living arrangements vs. married/domestic partnering had an AOR of 0.12. There were
50.9% reporting fear on the Dental Fear Survey and 81.6% on the Short Form Fear of Pain
Questionnaire. There were 29.9% with high fatalism on the Fatalism Scale. There were 71.2%
who were married/domestic partnering.
Similar research was not available for comparative purposes for the impact of adult living
circumstances upon oral health. Males were more likely to have low caries experience when
never married, divorced, widowed, separated, or have other living circumstances than marriage
or a domestic partner. Further research is needed to explore this phenomenon. Trend data is
indicating an increase in the number of women not marrying. The National Center for Health
Statistics reported that from 2006-2010, nearly 4 in 10 women, ages 15 to 44 years, have never
married (38%).43 The percentage was 33% in 1995.43 There were 36% in a first marriage, as
compared with 44% in 1982, and 52% of first marriages survived at least 20 years.43 Women
with at least a bachelor’s degree were more likely to be married for 20 years (78%) compared
with those with a some college (49%), and for high school graduates (41%).43 Women were
delaying marriage and there was an increase in cohabitation.43
Previous research has implicated dental fear as a psychological state which may lead to
dental care avoidance, poor oral health quality of life, poor overall quality of life including
social, sleep and psychological well-being.44 The findings of this study of Pennsylvania and
West Virginia adults support dental fear, as measured with the Dental Fear Survey, resulting in
poor oral health quality of life in terms of WHO DMFT severity. Nationwide, fear prevalence in
adults has been relatively stable for the last half century with variations shown in a review of the
literature in which the prevalence of participants reporting ―some fear‖ in 1986 was 35.2%; in
1988, it was 20.4%; and in 1997, it was 19.9%.45 A computer-assisted telephone survey of
adults in Australia, controlling for age, gender, income, employment status, education, dental
insurance and oral hygiene, indicated that dental fear was associated with an increased DMFT
index, increased number of decayed teeth and increased number of missing teeth while there was
an inverted ―U‖ association of fear and filled teeth; whereas periodontitis and gingivitis were not
associated with dental fear.46 A similar study evaluated if those with fear were underrepresented in epidemiological studies due to the fear, however the findings were that those with
fear were not appreciably under-represented.47 The large number of people in this study (50.9%
indicating fear on the Dental Fear Survey) supports the result that the people with fear are
adequately represented in epidemiological studies, and indicates a larger prevalence than
determined in other studies. Further research is needed to determine why dental fear is so
intransigent.
Genetic factors may have a role in dental fear. For example, female gender has been
associated with dental fear.48-50 This study supports a strong association of adult female gender
and fear in that fear was not significant in gender subgroup analysis for men, but was significant
for women. Additionally, genetic variants of the melanocortin-1 receptor gene (generally in
people with red hair) are also related to resistance to subcutaneous local anesthetics and adults
with melanocortin-1 receptor gene variants reported more dental fear, more dental care
avoidance behavior than those without melanocortin-1 receptor gene variants.51 Similar factors
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may be creating genetic predispositions in this population and genetic and epigenetic research is
being conducted to determine if specific genes or epigenetic factors may be involved.
Dental fear has been shown to develop with oral surgical procedures with pre-operative
anxiety, particularly the extraction of wisdom teeth in young adults (predisposed to increased
dental anxiety and in the presence of pain severity) which may progress to symptoms of posttraumatic stress disorder.52 Heightened anxiety, and the nature of past poor dental experiences in
combination with the common surgical procedure of wisdom teeth removal are important factors
that influence the establishment of prolonged dental fear.52 Similar research has indicated
adverse circumstances increase the risk for psychological distress (such as dental fear) after a
traumatic event to a greater effect in women than men.53 The consideration that wisdom teeth
extraction often occurs as a person is entering adulthood may predispose young adults to become
more dentally fearful. The authors of the wisdom teeth study noted that until their research, the
psychological impact of oral surgery received little attention, perhaps due to what was acceptable
to be defined as a ―traumatic stressor.‖52 In a study of dental extractions of patients entering a
university oral and maxillofacial surgery clinic for emergent care, all patients exaggerated their
recall of pain at 2 weeks post-operatively, and highly anxious patients additionally exaggerated
their recall of anxiety.54 The greater likelihood of extractions during adulthood may have a role
in the establishment of the dental fear trait. Dental fear is important to consider with adults in
that access to care issues also include pain, fear, and anxiety. However, dental fear research
needs to consider that some approaches that diminish dental issues to alleviate fear may
compromise care. For example, terms or phrases intended to be less fearful such as ―mild‖
periodontal disease, a red lesion that is ―probably nothing, but should be followed-up,‖ may not
convey the urgency of needed treatment in the process of attempting to reduce fear.
The majority (70.1%) reported low fatalism on the Fatalism Scale. Fatalism was not a
factor in WHO DMFT severity for adults in the overall statistical multivariable model or in subgroup analysis. Most prior research concerning fatalism is qualitative in nature (ethnographic,
interview or focus group). Early research into Appalachia by Thomas Ford in 1958 refuted the
existence of fatalism traditionally associated with Appalachia.55 Instead, he described a dynamic
culture adapting to the social and economic environments.55 He studied fatalism, religiousity,
individualism, and self-reliance,45not medical or dental health, per se. A qualitative focus group
based study in Southern West Virginia did not find fatalism to be a strong theme that emerged in
the discussion of cultural norms (faith, family values, and patriarchy),55 and although results are
presented concerning the medical discussion, fatalism toward oral health was not presented as
part of the discussion. However, another study, involving in-depth interviews of Appalachia
West Virginia and Kentucky women and cervical cancer screenings, indicated that the women
did hold and expressed fatalistic attitudes, but the interviews also revealed attempts at agency
despite constrained choices.56
Age remained significantly associated with WHO DMFT severity in the overall
multivariable model and sub-group analyses by gender. The literature cites similar outcomes as
a result of the accumulation of risk over time. For example, a study of edentulism and
race/ethnicity (the ultimate in missing teeth) reported age as a significant factor.57 Similarly in
birth cohort life-course study of oral health, oral health was found to be continuously exposed to
environmental and behavioral risks that lead to accumulated diseases in the dental tissues.58 Age
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was also a related to DMFT in other studies in the data presented.59,60 Clinical evaluations of
oral health in one study in Canada indicated that although the oral health of younger adults (preseniors) was better than older adults (seniors), the perceived impact was poorer, indicting
expectations and experiences can influence satisfaction with oral health.61
This study has the strength of being a recent, comprehensive evaluation of Appalachian
adults. This study had a cross-sectional design. Such designs preclude the possibility of
establishing causal relationships or temporal sequencing of WHO DMFT severity and dental
fear, fatalism and family relationships. Adult dental fear remained independently significant in
the multivariable analysis. In sub-group analysis, men, who were never married, divorced,
widowed, separated or had other living arrangements were more likely to have low caries
experience than those married or who had a domestic partner. Future research in dental health
for this population should address interventions focusing upon adult dental fear so that caries
experience can be controlled. Additionally, research into the factors related to married men and
men with domestic partners having high caries experience should also be explored.
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Chapter 5 Summary of the Research
5.1 Conclusions
The purpose of this life-course population analysis project was to provide information
concerning the oral health of residents of Appalachia to enhance understanding of the effects of
various family living arrangements, dental fear and fatalism with oral health. The embodiment
(development or assimilation) of caries has many ecosocial, sociobehavioral and environmental
pathways, including poor living conditions, unhealthy lifestyles (poor diet, nutrition, oral
hygiene, use of tobacco and alcohol), limited availability and limited access to professional care.1
For example, children living in poverty have almost twice the caries prevalence (in primary
teeth) of children in homes with an income of twice the poverty level.2
The ecosocial theoretical framework for this study proposes that the embodiment and
multiple pathways of dental caries involve exposure to an etiologic bacterial biofilm,
susceptibility, resistance, accountability, and agency (action) within individual, household, area,
regional, national and global processes, production, exchange, and consumption over time
(historical, generational, in utero, infancy, childhood and adulthood) within racial, ethnic, class,
and gender contexts.3 It has been suggested that we should create models in which teeth are
integrated in individuals, individuals in groups or social context, and that there should be an
examination of tooth, individual, group variables and interactions in accounting for the
distribution of disease.4 The reason for such an approach is illustrated by the dramatic shifts in
smoking and HIV/AIDs prevalence in the United States in the twentieth century. Initially those
of higher SES had higher smoking rates and HIV/AID rates than those of lower SES.3 A reversal
occurred at the end of the century, indicating disease distribution cannot only be reduced to
fundamental causes/disease mechanisms as they do not explain why rates and patterns change
temporally and spacially.3
In another discipline, political ecology, which is similarly complex and dynamic,
admonitions exist that such a widely inclusive approach is subject to being unmanageable and
theoretically incoherent.3 In response, it is agreed that including all of the diverse pathways
would not be realistic in any one study, but rather than reducing or repressing complexity, one
should evaluate many factors at specific points in time and space which will allow for some
degree of scientific generalization.3 Such was the basis for this study. Specific points in the lifecourse were evaluated for the embodiment of caries with regard to family structure, fatalism and
fear in states with Appalachian culture. How do the people in West Virginia and Pennsylvania
come to embody caries as a disease state?
Antecedent ecosystem conditions
Population
The entire state of West Virginia lies in Appalachia. West Virginia’s total land mass is
24,038.21 square miles.5 The 2010 population was 1,852,994.5 The population density is 77.1
people per square mile.5 Most of the population is White (93.9%).5 There are 3.4% Black, 1.2%
Hispanic, 0 .7% Asian, and 0.2% American Indian or Alaska Native. Most of the population has
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a high school diploma (81.6%).5 The median income is $37,423.5 The percentage of people in
West Virginia below the poverty level is 17.8%.5 Fifteen percent of the population did not have
health insurance.6 The 2012 unemployment rate is 6.9%.7
Pennsylvania has a land mass of 44,742.70 square miles.5 The 2010 population of
Pennsylvania was 12,702,379.5 The population density is 283.9 per square mile. Most of the
population is White (83.8%).5 There are 11.3% Black, 5.9% Hispanic, 2.9% Asian, and 0.3%
American Indian or Alaska Native.5 Most of the population has a high school diploma (87.4%).5
The median income is $50,398.5 The percentage of people in Pennsylvania below the poverty
level is 12.4%.5 There were 9.9% who did not have health insurance in 2009.8 The 2012
unemployment rate 7.4%.7
Historical antecedents
Hundreds of years ago, the land which became West Virginia and Pennsylvania was a
hunting region for Native Americans, and, as such, many areas were not permanently occupied
until European settlements in the 1700’s. Many conflicts occurred with the Native Americans.
Farming was difficult and small farms were common in the eighteenth and nineteenth centuries.
In southern West Virginia, floods and rocky soil impacted farming and hunting was necessary to
supplement diets. Generally, the small farmers did not have slaves. When the Civil War began,
Pennsylvania was a Union state and West Virginia, in 1863, seceded from Virginia in support of
the Union. Many Civil War battles were fought in the two states. After the war, millions of
immigrants arrived in the United States, many making Pennsylvania their home. At the
beginning of the 20th century, steel production expanded in Pennsylvania, but it collapsed by the
end of the century. After the Civil War, in West Virginia, mining for salt, coal and iron ore
began in earnest, as well as the harvesting of the forested mountains. Its steel industry also
collapsed by the end of the 20th century.
Arrangements of power and property
Pennsylvania and West Virginia had coal and steel ―barons‖ who took advantage of land
owners for the mineral rights, and took advantage of abundant, low-wage immigrant or local
workers. In the early part of the 20th century, there were no land use or zoning plans of
consequence. Many of the mineral excavations and tree harvestings resulted in hazardous
exposures of workers. Additionally, people living near coal production sites have increased risk
for cardiopulmonary disease, chronic lung disease, hypertension, kidney disease, and poorer
health, controlling for covariates.9-16 The natural environment in many areas of West Virginia
has been destroyed. Floods, runoff, soil erosion, environmental damage, disrespect of surface
owner land rights have been common17 as well as the presence of air and water pollution.
Controversies remain concerning the pollution and health impacts of mining, and the mountain
top removal of coal. Most recently, the mountains of Pennsylvania and West Virginia are being
drilled for Marcellus shale natural gas with concerns remaining about the hydraulic fracturing
process being used to access the gas.
Accountability and agency in overall oral health: the tobacco industry example
In assessing oral health, as with other health conditions, it is important to ask ―who,
among social groups or individuals, is responsible for the occurrences of
development/embodiment?‖18
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Oral health encompasses oral cancers, pre-natal periodontal disease, early childhood
caries, intimate partner violence, child endangerment, as well as overall health. Considering oral
cancers, and the tobacco industry, West Virginia farm tobacco production, in 2002, included 544
farms involving 1373 acres.19 There were 1000 Pennsylvania farms growing tobacco with
approximately 6100 acres in production.20
However, 25.6% of the West Virginia population smoke (tied with Kentucky for the
highest prevalence in the nation) and 8.5% of the population use smokeless tobacco (second in
the nation to Wyoming).21 The prevalence of male high school students in West Virginia who
use smokeless tobacco is 25.5%.22 The tobacco industry’s estimated marketing budget for West
Virginia is $121.2 million annually.22 In 2010, 18.4% of adult Pennsylvanians smoked.23 The
prevalence of male high school students in Pennsylvania who used smokeless tobacco was
12.9%.24 The tobacco industry’s estimated marketing budget for Pennsylvania is $452.8 million
annually.24 West Virginia has the highest smoking rate in the nation for women who smoke
during pregnancy, 27.0% compared to 10.7%, nationwide.6
Accountability and agency for oral health encompasses not only the tobacco industry, but
also the food and soft drink industry and their marketing, the companies providing employment
(as the employment relates to employee exposures to stress, overwork, limited time for proper
exercise, rest, and nutrition), health and dental insurance industries, government (state, local,
national and global) policies and decisions, as well as individual, community, social group, and
families, and encompasses psychological factors (fear, fatalism), as well as biological agents.
5.2 Significance
Specific Accountability and agency in WHO DMFT severity: family, fear, fatalism
The term ―family‖ is defined by the U.S. government for social programs, taxation, and
policy decisions. Although it has a loose definition in general society, the U.S. Census Bureau
identifies a family as ―a group of two people or more (one of whom is the householder) related
by birth, marriage, or adoption and residing together; all such people (including related
subfamily members) are considered as members of one family.‖25 The term family household
more closely aligns with the lay definition of a family. The U.S. Census Bureau defines a family
household as a ―household maintained by a householder who is in a family (as defined above),
and includes any unrelated people (unrelated subfamily members and/or secondary individuals)
who may be residing there.‖25
Some previous research has shown that single parent families have increased overall
health risks, including increased risk of adverse deliveries, low birth weight babies, increased
risk of infant mortality, and increased risk of the children living in poverty.26 Research in
Australia has indicated that very young children in single parent households have a 2.3 times
higher incidence of early childhood caries than children from two-parent families; and that
interventions reduced their caries experience 3.5-fold compared with a 7-fold caries reduction in
children from two-parent families.27 Although the disadvantage was still 4 times greater than
children from two-parent families, anticipatory guidance interventions do help reduce some of

48
the caries risk.27 Oral health, in terms of smoking, was also related to single-parent homes.28
Similar results are reported for drinking and drug use and single-parent homes, as well as lower
achievement in school, increased psychological stress, increased vulnerability to health problems
and engaging in problem behaviors; however, when multigenerational households were
considered, the teenagers did as well as teenagers from two-parent households.29 Family
influences are long-lasting and complex.30 And although single-parent homes are associated
with an increase in family problems, exposure to childhood sexual and physical abuse, exposure
to parental illicit drug use, criminal offenses, and lower scores on standardized intelligence tests,
when these factors are controlled, exposure to single-parent homes is relatively unrelated to
adjustments in young adulthood.30
The importance of family structure for oral health outcomes, which was the research
hypotheses, was not evident in this series of studies. On the contrary, the one association with
family for adults (never married, divorced, widowed, separated, other vs. married, domestic
partner) was protective of caries experience in male sub-group analysis for the never married,
divorced, widowed, separated, and other. Children who indicated some dental fear and fatalism
had increased WHO DMFT severity. The association of WHO DMFT severity and dental fear
and fatalism was not significant in multivariable analysis in adolescence. Fear re-emerged as
significant in adulthood. In the three studies presented, WHO DMFT severity and children, ages
11-13 years, the birth categories (second biological child vs. first biological child, and
niece/nephew/step-/grandchild vs. first biological child) did not have significant associations
with WHO DMFT severity. Similarly, for adolescents, ages 14-17 years, the birth categories,
and single parent vs. both parents, same home, did not have significant associations. In adults,
ages 18 years and above, never married, divorced, widowed, separated, other vs. married, or
domestic partner also did not have significant associations with WHO DMFT severity.
Fear summary score was not significant for children, ages 11-13 years, nor for
adolescents, ages 14-17 years, however, adults, ages 18 years and above, did have an increase of
WHO DMFT severity with an increasing fear summary score. The adjusted odds ratio was 1.49.
For children, ages 11-13 years, fear when learning of a dental appointment was significantly
associated with WHO DMFT (adjusted odds ratio 2.97 for those with high fear vs. low fear). For
adolescents, fear of pain of falling down a flight of concrete steps was protective of WHO
DMFT severity (adjusted odds ratio 0.39 for those with high fear vs. low fear). Overall, 37.9%
of the children, ages 11-13 years; 36.1% of the adolescents, ages 14-17 years, and 49.2% of
adults, ages 18 years and above, reported some/pretty much/ very much fear on the fear summary
score.
Fatalism summary score was not significantly associated with WHO DMFT severity for
children, ages 11-13 years, nor for adolescents, ages 14-17, nor for adults, ages 18 years and
above. For children, ages 11-13 years, fatalism to preventive care was significantly associated
with WHO DMFT severity (adjusted odds ratio of 2.74 for those with high fatalism vs. low
fatalism). Overall, 71.9% of the children, ages 11-13 years; 57.9% of the adolescents, ages 1417 years, and 35.1% of adults, ages 18 years and above, reported high fatalism on the fatalism
summary score.
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5.3 Strengths and Limitations
The research was secondary data analysis of a moderately sized, comprehensive study of
oral disease etiology conducted by the Center for Oral Health Research in Appalachia. The
study specifically addressed family composition and was recent (2002-2009). Gender sub-group
analysis was possible with the sample. As the data were clustered in families, multivariable
analysis was completed with generalize estimating equations to allow for the clustering.
The research, being cross-sectional, may not be used to infer if family structure, dental
fear, or fatalism causes increased WHO DMFT experience. Also, it is not possible to infer
temporal associations between family, fear, fatalism and increased WHO DMFT.
5.4 Future Research
Currently underway is the second wave of family research with the Center for Oral
Health Research in Appalachia. It involves a longitudinal, non-intervention study of pre-natal
mothers through delivery and two year follow-up. Their infants will also have oral evaluations
to age 2 years. Incident caries development will be monitored in both the mother and child.
The WHO DMFT experience and fear associations in these studies requires further
exploration for potential interventions to help people with dental fear to appropriately access
dental care. Both a clinical intervention and public health intervention should be considered.
There is a distinction between what a clinician needs in addressing the individual who presents
before him or her and what is needed for the community as a whole. The clinician needs to meet
a specific individual’s needs, and determine that individual’s specific treatment plan. Also, the
clinician can appraise which patient already has the knowledge and skills to brush and floss, to
eat a healthful diet, to exercise, and get enough sleep, to avoid drugs and tobacco products, and
limit alcohol use, to avoid stress, to avoid overexposure to the sun, to wear a seatbelt in a car, etc.
A clinician tailors individual, evidence-based treatment plans based on patients’ specific needs;
however, the evidence available for effective, acceptable preventive interventions and addressing
fear is limited.
From the public health aspect, public service announcements are provided for oral health
improvement. For some people, there is, in fact, a lack of knowledge. Although many patients
in Appalachia choose extractions over the salvation of a tooth, expense and fear are often the
driving forces, rather than the lack of knowledge or the belief that tooth loss was inevitable as
was historically believed.31 (This belief was once entrenched and marital dowries were given for
full mouth extractions and the fabrication of dentures).31
However, public service announcements which provide oral health information imply
that, when people have the information, problems will be solved. Such approaches only address
one element of oral health. Lack of knowledge may drive some issues, but many people already
know that they should eat well, but cannot afford quality food, or be in a location with limited
access to quality food.32 Many people already know that they should avoid tobacco, but were the
target of mass marketing when they were young, or use tobacco as an anxiolytic due to
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overwork/stress, and have become addicted to tobacco.33 Many people already know that they
should exercise and get enough sleep, but the commute to work, hours at work, few breaks, or
similar impairments limit the hours available to exercise or sleep. Many people already know
that they should brush with a soft-bristled brush after meals with a fluoridated toothpaste, and
floss their teeth daily, but may not have the resources to purchase a toothbrush, floss, and
toothpaste. Knowledge is necessary, but not enough.
Public health efforts are needed in genetic research, epidemiology, and cariology to
provide policy-makers with current, accurate prevalences of caries, periodontal disease, and oral
cancer, as well as provide effective interventions which will improve oral health and to which
policy-makers can support. Researched interventions that are effective, financially feasible, and
acceptable are needed.34 Funding of preventive services should be paramount, but school-based
educational programs, as well as sealant programs are needed.31 Community effort is needed to
engage obstetricians and pediatricians in educating their patients and making dental referrals.
Many professionals are needed to address the oral health epidemic.31
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Chapter 2: Table 1
_____________________________________________________________________________
Parent-reported Oral Health Status in Children aged 1-17 years
___________________________________________________________________________
Child’s condition of teeth or oral health
in past 6 months

Pennsylvania

West Virginia

n (weighted %) n (weighted%)
Fair/poor overall
1 oral health problem
2+ oral health problems

108 ( 7.4)
290 (19.6)
118 ( 6.8)

78 (5.1)
292 (17.4)
125 ( 7.9)

National
n ( weighted %)
4,984 ( 8.4)
14,969 (18.3)
6,163 ( 8.4)

___________________________________________________________________________
Data Source: National Survey of Children's Health. NSCH 2007. Child and Adolescent Health
Measurement Initiative, Data Resource Center for Child and Adolescent Health website.
: www.nschdata.org].
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Chapter 2: Table 2
Descriptive Characteristics Children Ages 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 237
Sample N (% or standard deviation)
_________________________________________________________________________________
Gender
Males
117
(49.6%)
Females
119
(50.4%)
Missing 1
Age
11
12
13
Mean
Race/Ethnicity
White
Black
Other
Missing 1

76
75
86
12.04

(32.1%)
(31.7%)
(36.3%)
(±.83)

194
34
8

(82.2%)
(14.4%)
( 3.4%)

83
154

(35.0%)
(65.0%)

49
29
31
30
32
23
11
5
8

(22.5%)
(13.3%)
(14.2%)
(13.8%)
(14.7%)
( 10.6%)
( 5.0%)
( 2.3%)
( 3.7%)

Site
Pennsylvania
West Virginia
Family Income
Less than $10,000
$10,000-$14,999
$15,000-$24,999
$25,000-$34,999
$35,000-$49,999
$50,000-$74,999
$75,000-$99,999
$100,000-$149,999
$150,000-and above
Missing 19

Highest education in the family
Less than High School
12
( 5.3%)
High School degree
87
(38.2%)
Technical School degree
49
(21.5%)
Some College
30
(13.2%)
Undergraduate degree
34
(14.9%)
Graduate degree
16
( 7.0%)
Missing 9
________________________________________________________________________________________
Continued
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Chapter 2: Table 2
Descriptive Characteristics Children Ages 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 237
Sample N (% or standard deviation)
_________________________________________________________________________________
Family Relationships to index person
First Child
Second Child
Third Child
Fourth Child
First Step Child
Second Step Child
Other
Body Mass Index
Normal
Overweight
Obese
Missing 19
Mean

106
76
30
7
7
3
8

(44.7%)
(32.1%)
(12.7%)
( 3.0%)
( 3.0%)
( 1.3%)
( 3.2%)

159
35
24

(72.9%)
(16.1%)
(11.0%)

22.55 (± 6.39)

Total Decayed Missing Filled Teeth
0
1
2
3
4
5
6
Mean

80
43
37
15
25
15
22
2.17

(33.8%)
(18.1%)
(15.6%)
( 6.3%)
(10.6%)
( 6.3%)
( 9.3%)
(±.2.58)

Dental Fear Survey (cut point 33)
Little/no fear
Some/pretty much/very

147
90

(62.0%)
(38.0%)

Short Form Fear of Pain Questionnaire (cut point 15)
Little/no fear
47
(19.8%)
Some/pretty much/very
190
(80.2%)
Fatalism Scale
Low
High

90
147

(38.0%)
(62.0%)

_______________________________________________________________________
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Chapter 2: Table 3
Decayed Missing and Filled Teeth Children Ages 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
N = 237 N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth (DMFT Index)
p-value
Very low
low
moderate
high
Gender

.9539
Male
Female
Missing 1

70(59.8)
68(57.1)

15(12.8)
22(18.5)

17(14.5)
17(14.3)

15(12.8)
12(20.1)

113(58.3)
25(59.5)

31(26.0)
6(14.3)

27(13.9)
7(16.7)

23(11.9)
4( 9.5)

89(57.8)
50(60.2)

27(17.5)
10(12.1)

23(14.9)
11(13.3)

15( 9.7)
12(14.5)

Family Income
Less than $15,000
$15,000-$49,999
$50,000 and above
Missing 19

45(57.7)
36(63.3)
50(63.3)

11(14.1)
9(14.8)
13(16.5)

14(18.0)
8(13.1)
8(10.1)

8(10.3)
8(13.1)
8(10.1)

Highest Education in Family
Less than High School
High School
Technical School
Some College
Undergraduate degree
Graduate
Missing 9

5(41.7)
50(57.5)
30(61.2)
17(56.7)
22(64.7)
11(68.8)

1( 8.3)
11(12.6)
8(16.3)
8(26.7)
7(20.6)
2(1.25)

1( 8.3)
15(17.2)
6(12.2)
4(13.3)
4(11.8)
1( 6.3)

5(41.7)
11(12.6)
5(10.2)
1( 3.3)
1 ( 2.9)
2(12.4)

Race/Ethnicity
White
Minority
Missing 1

.8709

Site

.9652
West Virginia
Pennsylvania

.4203

.0468

Family Relationship with index person
.3094
First biological child
63(59.4)
18(17.0)
16(15.1)
9( 8.5)
Second biological child
49(64.5)
9(11.8)
10(13.2)
8(10.5)
Step Child/Niece/
Nephew/Grandchild/Other 27(51.9)
8(15.4)
8(15.4)
9(17.3)
Missing 3
______________________________________________________________________________________
Continued
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Chapter 2: Table 3
Decayed Missing and Filled Teeth Children Ages 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
N = 237 N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth (DMFT Index)
p-value
Very low
low
moderate
high

Body Mass Index
Normal
Overweight
Obese
Missing 19

.6850
95(59.8)
21(60.0)
13(54.3)

26(16.4)
6(17.1)
1( 4.2)

19(12.0)
6(17.1)
8(33.3)

19(12.0)
2( 5.7)
2( 8.3)

Age

.0711
11
46(60.5)
10(13.2)
11(14.5)
9(11.8)
12
22(44.0)
11(14.7)
17(22.7)
14(18.7)
13
60(69.8)
16(18.6)
6( 7.0)
4( 4.7)
__________________________________________________________________________________________
Based on 237 children, ages 11-13 years. Participants did not respond to all questions, so number of participants
does not always equal the total number of participants. Cochran-Mantel-Haenzel mean score test was used (with
standardized midrank scores) for gender, race/ethnicity, site, family relationship with index person. MantelHaenzel Chi Square (with standardized midrank scores) for family income, highest education in the family, BMI and
age.
DMFT Index for 11-12 years was: very low= 0,1; low=2; moderate= 3,4; high = 5+.
DMFT Index for 13 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = 9+.
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Chapter 2: Table 4
Fatalism and Decayed Missing and Filled Teeth Children Ages 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
N = 237 N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth (DMFT Index)
p-value
very low
low
moderate
high
Fatalism Scale
Low
High

.4592
56(62.2)
83(56.5)

13(14.4)
24(16.3)

10(11.1)
24(16.3)

11(12.2)
16(10.9)

_____________________________________________________________________________________
Based on 237 children, ages 11-13 years. Participants did not respond to all questions, so number of participants
does not always equal the total number of participants.
Mantel-Haenzel Chi Square Exact test was used (with standardized midrank scores).
DMFT Index for 11-12 years was: very low= 0,1; low=2; moderate= 3,4; high = 5+.
DMFT Index for 13 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = 9+.
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Chapter 2: Table 5

Fear and Decayed Missing and Filled Teeth Children Ages 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
N = 237 N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth
p-value
very low
low
moderate
high
Dental Fear Survey
.
Little/no fear
Some/pretty much/very

83(56.5)
56(62.2)

23(15.7)
14(15.6)

22(15.0)
12(13.3)

19(12.9)
8( 8.9)

7(14.9)
30(15.8)

6(12.8)
28(14.7)

8(17.0)
19(10.0)

3100

Short Form Fear of Pain Questionnaire
.4491
Little/no fear
Some/pretty much/very

26(55.3)
113(59.5)

_____________________________________________________________________________________
Based on 237children, ages 11-13 years. Participants did not respond to all questions, so number of participants
does not always equal the total number of participants. Exact Cochran-Mantel-Haenzel mean score test was used
(with standardized midrank scores).
DMFT Index for 11-12 years was: very low= 0,1; low=2; moderate= 3,4; high = 5+.
DMFT Index for 13 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = 9+.
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Chapter 2: Table 6 Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family
Relationships, Fatalism, and Fear from Generalized Estimating Equations for children 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Variables
Unadjusted OR
Adjusted OR
Adjusted OR
Single variable
full model
reduced model
[95% CI]
[95% CI]
[95% CI]
p-value
p-value
p-value
Birth categories
Second biological child vs. First biological child

1.03
[0.53, 1.97]
.9405

0.99
[0.42, 2.32]
.9726

1.22
[0.56, 2.64]
.6223

1.61
[0.78, 3.32]
.1941

2.10
[0.79, 5.54]
.1359

2.08
[0.91, 4.74]
.0817

Fatalism Scale (high vs. low)

1.23
[0.66, 2.66]
.5140

1.01
[0.48, 2.14]
.9760

1.05
[0.53, 2.06]
.8939

Dental Fear Survey (high vs. low)

0.74
[0.39, 1.39]
.3501

0.74
[0.32, 1.71]
.4867

0.78
[0.38, 1.61]
.5036

Short Form Fear of Pain Questionnaire (high vs. low) 0.78
[0.37, 1.63]
.5036

0.96
[0.34, 2.77]
.9468

1.20
[0.46, 3.14]
.7104

Niece/Nephew/Step-/Grandchild/Other vs.
First biological child

Note: Based on 237 children, ages 11-13 years, with an exchangeable working correlation structure.
DMFT Index for 11-12 years was: very low= 0-1; low=2; moderate= 3-4; high = 5+; dichotomized to 0-2 and ≥3.
DMFT Index for 13 years was: very low = 0-2; low = 3-5; moderate = 6-8; high≥9+; dichotomized to 0-5 and ≥6.
OR-odds ratio; CI-confidence interval
Reduced model has variables of interest listed above and is adjusted for: gender (female vs. male); age (13 years;
12 years vs. 11 years); and family education (less than/high school vs. more than high school).
Full Model additionally adjusted for: race/ethnicity (minority vs. White); income ($15,000 to $50,000; less than
$15,000 vs. $50,000 and greater); site (WV vs. PA); and BMI (obese, overweight vs. normal weight). The model had
187 clusters, an exchangeable working correlation of -0.210276812, and a QIC fit of 216.1571.
Combining birth categories vs. first biological child- unadjusted OR: 1.24 (0.70, 2.18; p = .4608)
Full model AOR:1.41 (0.66, 3.01; p = .3691)
Reduced AOR: 1.56 (0.77, 3.02; p= .3691)
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Chapter 2: Table 7
Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family Relationships, Fatalism,
and Fear from Generalized Estimating Equations: Males 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Variables
Unadjusted OR
Adjusted OR
Adjusted OR
Single variable
full model
reduced model
[95% CI]
[95% CI]
[95% CI]
p-value
p-value
p-value
Birth categories
Second biological child vs. First biological child
0.66
0.37
0.62
[0.24, 1.79]
[0.06, 2.25]
[0.20, 1.91]
.4150
.2811
.4099
Niece/Nephew/Step-/Grandchild/Other vs.
First biological child
1.99
2.72
2.88
[0.73, 5.39]
[0.62, 11.0]
[0.90, 9.22]
.1741
.1857
.0750
Fatalism Scale (high vs. low)

1.79
[0.36, 4.08]
.1926

3.42
[1.41, 16.44]
.1250

1.29
[0.46, 3.63]
.6343

Dental Fear Survey (high vs. low)

1.07
[0.75, 4.30]
.1926

1.08
[0.29, 4.10]
.9075

1.65
[0.60, 4.60]
.3397

0.58
[0.12, 15.73]
.4977

.80
[0.25, 2.62]
.7188

Short Form Fear of Pain Questionnaire (high vs. low) 1.39
[0.58, 3.31]
.4522

Note: Based on 117 males, ages 11-13 years, with an exchangeable working correlation structure.
DMFT Index for 11-12 years was: very low= 0-1; low=2; moderate= 3-4; high = 5+; dichotomized to 0-2 and ≥3.
DMFT Index for 13 years was: very low = 0-2; low = 3-5; moderate = 6-8; high≥9+; dichotomized to 0-5 and ≥6.
OR-odds ratio; CI-confidence interval
Reduced models has variables of interest listed above and is adjusted for: age (13 years; 12 years vs. 11 years); and
family education (less than/high school vs. more than high school).
Full Model additionally adjusted for: race/ethnicity (minority vs. White); income ($15,000 to $50,000; less than
$15,000 vs. $50,000 and greater); site (WV vs. PA); and BMI (obese, overweight vs. normal weight). The model had
105 clusters, an exchangeable working correlation of -.56780622, and a QIC fit of 102.5924.
Combining birth categories vs. first biological child- unadjusted OR: 1.08 (0.48, 2.46; p = .8477)
Full model AOR:1.04 (0.32, 3.38; p = .9422)
Reduced SAS could not compute variance function
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Chapter 2: Table 8
Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family Relationships, Fatalism,
and Fear from Generalized Estimating Equations: Females 11-13 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Variables
Unadjusted OR
Adjusted OR
Adjusted OR
Single variable
full model
reduced model
[95% CI]
[95% CI]
[95% CI]
p-value
p-value
p-value
Birth categories
Second biological child vs. First biological child
1.32
1.57
1.16
[0.61, 2.89]
[0.46, 5.29]
[0.32, 4.19]
.4846
.4685
.8235
Niece/Nephew/Step-/Grandchild Other vs.
First biological child
1.40
1.67
2.22
[0.49, 4.01]
[0.92, 6.29]
[0.76, 6.48]
.5256
.4516
.1458
Fatalism Scale (high vs. low)

0.90
[0.39, 2.04]
.7964

0.74
[0.25, 2.25]
.6009

0.75
[0.26, 2.14]
.5869

Dental Fear Survey (high vs. low)

0.38
[0.15, 0.96]
.0404

0.54
[0.16, 1.85]
.3289

0.49
[0.16, 1.51]
.2138

Short Form Fear of Pain Questionnaire (high vs. low) 1.03
[0.33, 3.23]
.9662

1.14
[0.22, 5.76]
.8764

2.14
[0.42, 10.79]
.3577

Note: Based on 119 females, ages 11-13 years, in an exchangeable working correlation structure.
DMFT Index for 11-12 years was: very low= 0-1; low=2; moderate= 3-4; high = 5+; dichotomized to 0-2 and ≥3.
DMFT Index for 13 years was: very low = 0-2; low = 3-5; moderate = 6-8; high≥9+; dichotomized to 0-5 and ≥6.
OR-odds ratio; CI-confidence interval
Reduced model has variables of interest listed above and is adjusted for: age (13 years; 12 years vs. 11 years); and
family education (less than/high school vs. more than high school).
Full Model additionally adjusted for: race/ethnicity (minority vs. White); income ($15,000 to $50,000; less than
$15,000 vs. $50,000 and greater); site (WV vs. PA); and BMI (obese, overweight vs. normal weight). The model had
103 clusters, an exchangeable working correlation of -.127767533 and a QIC fit of 119.6609.
Combining birth categories vs. first biological child- unadjusted OR: 1.36 (0.66, 3.01; p = .3991)
Full model AOR: 1.61 (0.56, 4.66; p = .3691)
Reduced AOR: 1.64 (0.64, 4.21; p= .3691)
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Chapter 3: Table 1
Descriptive Characteristics Children Ages 14-17 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N=191
_____________________________________________________________________________________________
Sample N
( % or standard deviation)
Gender
Males
Females

89
102

(46.6%)
(53.4%)

14
15
16
17
Mean

61
62
35
33
15.2

(31.9%)
(32.5%)
(18.3%)
(17.3%)
(± 1.06)

160
26
5

(83.8%)
(13.6%)
(2.6%)

Age

Race/Ethnicity
White
Black
Other
Site
Pennsylvania
West Virginia
Family Income
Less than $10,000
$10,000-$14,999
$15,000-$24,999
$25,000-$34,999
$35,000-$49,999
$50,000-$74,999
$75,000-$99,999
$100,000-$149,999
$150,000-and above
Missing 11

74
117

(38.7%)
(61.3%)

22
27
29
19
32
24
9
5
13

(12.2%)
(15.0%)
(16.1%)
(10.6%)
(17.8%)
(13.3%)
( 5.0%)
( 2.8%)
( 7.2%)

Highest education in the family
No degree
17
( 9.0%)
High School degree
77
(40.5%)
Technical School degree
23
(12.1%)
Some College
25
(13.1%)
Undergraduate degree
27
(14.2%)
Graduate degree
21
(11.1%)
Missing 1
______________________________________________________________________________________
Continued

78

Chapter 3: Table 1
Descriptive Characteristics Children Ages 14-17 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N=191
_____________________________________________________________________________________________
Sample N
( % or standard deviation)
Family Relationship
Single parent home
91
(53.5%)
Both parents, same house
79
(46.5%)
Missing 21
Family Relationships to index person
First Child
Second Child
Third Child
Fourth Child
First Step Child
Second Step Child
Other
Body Mass Index
Normal
Overweight
Obese
Mean
Missing 18
Total Decayed Missing Filled Teeth
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
17
21
Mean

Continued

106
40
19
5
12
4
6

(54.6%)
(20.6%)
( 9.8%)
( 2.6%)
( 6.2%)
( 2.1%)
( 3.1%)

109
40
24
23.0

(63.0%)
(23.1%)
(13.9%)
(±8.3)

47
19
24
19
17
13
13
7
14
1
5
1
5
1
1
1
2
1
3.82

(24.6%)
(10.0%)
(12.6%)
(10.0%)
( 8.9%)
( 6.8%)
( 6.8%)
( 3.7%)
( 7.3%)
( 0.5%)
( 2.6%)
( 0.5%)
( 2.6%)
( 0.5%)
( 0.5%)
( 0.5%)
( 1.1%)
( 0.5%)
(±3.8%)
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Chapter 3: Table 1
Descriptive Characteristics Children Ages 14-17 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N=219
_____________________________________________________________________________________________
Sample N
( % or standard deviation)
Dental Fear Survey
Little/no fear
Some/pretty much/very

122
69

(63.9%)
( 36.1%)

Short Form Fear of Pain Questionnaire
Little/no fear
Some/pretty much/very

34
157

(17.8%)
(82.2%)

Fatalism Scale
Low
High

108
83

(56.5%)
(43.5%)

____________________________________________________________________________________
Participants did not respond to all questions, so number of participants does not always equal the total number of
participants.
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Chapter 3: Table 2
Decayed Missing and Filled Teeth Children Ages 14-17years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
N =191 N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth
p-value
very low
low
moderate
high
Gender

.8353
Male
Female

41(46.1)
49(48.0)

25(28.1)
24(23.5)

18(20.2)
16(15.7)

5( 5.6)
13(12.8)

69(43.1)
21(67.7)

44(27.5)
5( 16.1)

29(18.1)
5(16.1)

18(11.3)
0

44(37.6)
46(62.2)

34(29.1)
15(20.3)

21(18.0)
13(17.6)

18(15.4)
0

Family Income
Less than $15,000
$15,000-$49,999
$50,000 and above
Missing 11

20(40.8)
22(45.8)
45(54.2)

11(22.5)
13(27.1)
21(25.3)

12(24.5)
9(18.8)
10(12.1)

6(12.2)
4( 8.3)
7( 8.4)

Highest Education in Family
Less than High School
High School
Technical School
Some College
Undergraduate degree
Graduate
Missing 1

5( 29.4)
31(40.3)
12(52.2)
11(44.0)
17(63.0)
14(66.7)

5(29.4)
22(28.6)
5(21.7)
6(24.0)
7(25.9)
3( 14.3)

5(29.4)
14(18.2)
5(21.7)
5(20.0)
2( 7.4)
3(14.3)

2(11.8)
10(13.0)
1 ( 4.4)
3(12.0)
1( 3.7)
1( 4.8)

Family Relationship
Single Parent
43(47.3)
Both parents, same home 36(45.6)
Missing 21

23(25.3)
20(25.3)

16(17.6)
16(20.3)

9( 9.9)
7( 8.9)

23(21.9)
12(30.0)
12(30.8)

18(17.1)
8(20.0)
6(15.4)

Race/Ethnicity
White
Minority

.0117

Site

.0008
West Virginia
Pennsylvania

Family Relationship
to index person
First Child
Second Child
Other
Missing 7

.0661

.5680

.8439

.1473
57(54.3)
15(37.5)
16(41.0)

7( 6.7)
5(12.5)
5(12.8)

_______________________________________________________________________________________
Continued
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Chapter 3: Table 2
Decayed Missing and Filled Teeth Children Ages 14-17years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
N = 191 N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth
p-value
very low
low
moderate
high

Body Mass Index
Normal
Overweight
Obese
Missing 18
Age

.8583
53(48.6)
17(42.5)
13(54.2)

26(23.9)
15(37.5)
4(16.7)

18(16.5)
4(10.0)
5(20.8)

12(11.0)
4(10.0)
2( 8.3)

<.0001
14
36(59.0)
15(24.6)
10(16.4)
0
15
31(50.0)
16(35.8)
13(21.0)
2( 3.2)
16
15(42.9)
10(28.6)
6(17.1)
4(11.4)
17
8(24.2)
8(24.2)
5(15.2)
12(36.4)
________________________________________________________________________________________
Based on 191 children, ages 14-17 years. Participants did not respond to all questions, so number of participants
does not always equal the total number of participants. Cochran-Mantel-Haenzel mean score test was used (with
standardized midrank scores) for gender, race/ethnicity, site, family relationship with index person. MantelHaenzel Chi Square (with standardized midrank scores) for family income, highest education in the family, BMI,
and age.
DMFT Index for 14-17 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = 9+.
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Chapter 3: Table 3
Fatalism and Decayed Missing and Filled Teeth Children Ages 14-17 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
N =191 N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth
p-value
very low
low
moderate
high

Fatalism Scale
Low
High

.8898
51(47.2)
39(47.0)

28(25.9)
21(25.3)

16(14.8)
18(21.7)

13(12.0)
5( 6.0)

_____________________________________________________________________________________
Based on 219 children, ages 14-17 years. Participants did not respond to all questions, so number of participants
does not always equal the total number of participants.
Mantel-Haenzel Chi Square Exact test was used (with standardized midrank scores).
DMFT Index for 14-17 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = 9+.
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Chapter3: Table 4
Fear and Decayed Missing and Filled Teeth Children Ages 14-17 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
N =191
N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth
p-value
very low
low
moderate
high 5
Dental Fear Survey
.9035
Little/no fear
58(47.0)
30(24.6)
24(19.7)
10( 8.2)
Some/pretty much/very 32(46.4)
19(27.5)
10(14.5)
8(11.6)
Short Form Fear of Pain Questionnaire
.0581
Little/no fear
Some/pretty much/very

9(26.5)
81(51.6)

15(44.1)
34(21.7)

7(20.6)
27(17.2)

3( 8.8)
15( 9.6)

_____________________________________________________________________________________
Based on 219 children, ages 14-17 years. Participants did not respond to all questions, so number of participants
does not always equal the total number of participants.
Exact Mantel-Haenzel Chi Square (with standardized midrank scores) was used to determine p-value.
DMFT Index for 14-17 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = 9+.
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Chapter 3 Table 5
Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family Relationships, Fatalism
toward Preventive Care, and Fear Factors from Generalized Estimating Equations for adolescents 14-17 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Unadjusted OR Adjusted OR
Adjusted OR
Single variable full model
reduced model
[95% CI]
[95% CI]
[95% CI]
p-value
p-value
p-value
Family Relationships
Single parent vs. both parents, same home
0.94
0.59
0.88
[0.47, 1.87]
[0.19, 1.86]
[0.41, 1.88]
.8567
.3655
.7376
Niece/Nephew/Step-/Grandchild Other vs.
First biological child

1.26
[0.56, 2.86]
.5796

1.93
[0.62, 6.02]
.2552

1.13
[0.44, 2.85]
.8013

1.52
[0.69, 3.34]
.2958

2.27
[0.76, 6.77]
.1404

1.60
[0.67, 3.84]
.2929

Fatalism Scale (high vs. low)

1.03
[0.55, 1.92]
.9214

1.47
[0.57, 3.74]
.4238

1.32
[0.67, 2.74]
.4563

Dental Fear Survey (high vs. low)

0.95
[0.49, 1.83]
.8812

1.37
[0.55, 3.42]
.5042

1.10
[0.51, 2.35]
.8160

Short Form Fear of Pain Questionnaire (high vs. low) 0.99
[0.45, 2.19]
.9794

0.51
[0.17, 1.54]
.2342

0.67
[0.25, 1.77]
.4219

Second biological child vs. First biological child

Note: Based on 191 children, ages 14-17 years, with an exchangeable working correlation structure.
DMFT Index for 14-17 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = ≥9; dichotomized to 0-5 and ≥6.
OR-Odds Ratio; CI-confidence interval
Reduced model has variables of interest listed above and is adjusted for: gender (female vs. male); age (17 years;
16 years; 15 years vs. 14 years); and family education (less than/high school vs. more than high school).
Full Model additionally adjusted for: race/ethnicity (minority vs. White); income ($15,000 to $50,000; less than
$15,000 vs. $50,000 and greater); site (WV vs. PA); and BMI (obese, overweight vs. normal weight). The model had
151 clusters, an exchangeable working correlation of -0.1863215164, and a QIC of 183.1693.
Combining birth categories vs. first biological child- unadjusted OR: 0.72 (0.38, 1.35; p = .3044)
Full model AOR: 0.59 (0.25, 1.38; p = .2216)
Reduced AOR: 0.80 (0.41, 1.56; p= .5164)
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Chapter 3: Table 6
Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family Relationships, Fatalism,
and Fear from Generalized Estimating Equations: Males 14-17 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Variable
Unadjusted OR Adjusted OR
Adjusted OR
Single variable full model
reduced model
[95% CI]
[95% CI]
[95% CI]
p-value
p-value
p-value
Family Relationships
Single parent vs. both parents, same home
1.13
0.08
1.08
[0.40, 3.14]
[0.01, 0.42]
[0.22, 3.56]
.8088
.0249
.9046
Niece/Nephew/Step-/Grandchild Other vs.
First biological child

1.11
[0.30, 7.50]
.8814

3.34
[0.06, 183.43]
.5549

1.72
[0.38, 7.70]
.4805

Second biological child vs. First biological child

2.51
[0.84, 7.50]
.0991

14.08
[0.70, 282.74]
.0841

2.64
[0.81, 8.59]
.1080

Fatalism Scale (high vs. low)

1.07
[0.40, 2.86]
.8940

0.19
[0.02, 1.91]
.1576

1.06
[0.37, 3.05]
.9135

Dental Fear Survey (high vs. low)

0.73
[0.26, 2.07]
.5592

1.25
[0.10, 15.46]
.8602

0.80
[0.26, 2.50]
.7033

Short Form Fear of Pain Questionnaire (high vs. low) 2.20
[0.68, 7.14]
.1877

12.86
[1.71, 96.59]
.0130

2.65
[0.56, 12.49]
.2180

Note: Based on 89 children, ages 14-17 years, with an exchangeable working correlation structure.
OR-Odds Ratio; CI-confidence interval
DMFT Index for 14-17 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = ≥9; dichotomized to 0-5 and ≥6.
Reduced model has variables of interest listed above and is adjusted for: age (17 years; 16 years; 15 years vs. 14
years); and family education (less than/high school vs. more than high school).
Full Model additionally adjusted for: race/ethnicity (minority vs. White); income ($15,000 to $50,000; less than
$15,000 vs. $50,000 and greater); site (WV vs. PA); and BMI (obese, overweight vs. normal weight). The model had
76 clusters, an exchangeable working correlation of -0.0448552408, and a QIC fit of 78.1816.
Combining birth categories vs. first biological child- unadjusted OR: 0.57 (0.22, 1.86; p = .2418)
Full model AOR: 0.22 (0.04, 1.25; p = .0873)
Reduced AOR: 0.0 Hessian Matrix not positive; estimation
error
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Chapter 3: Table 7
Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family Relationships, Fatalism,
and Fear from Generalized Estimating Equations: Females 14-17 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Variable
Unadjusted OR
Adjusted OR
Adjusted OR
Single variable
full model
reduced model
[95% CI]
[95% CI]
[95% CI]
p-value
p-value
p-value
Family Relationships
Single parent vs. both parents, same home

0.75
[0.28, 1.99]
.5655

0.94
[0.22, 3.99]
.9291

0.65
[0.23, 1.49]
.4168

1.22
[0.49, 2.40]
.6697

1.13
[0.16, 7.87]
.9052

1.02
[0.29, 3.62]
.9709

Second biological child vs. First biological child

0.51
[0.42, 9.06]
.3970

0.86
[0.17, 4.37]
.8629

1.08
[0.24, 4.86]
.9188

Fatalism Scale (high low)

1.01
[0.46, 2.24]
.9749

6.60
[1.89, 9.64]
.0076

1.88
[0.60, 5.87]
.2790

Dental Fear Survey (high vs. low)

1.54
[0.60, 3.98]
.3693

2.26
[1.89, 9.64]
.2720

1.54
[0.51, 4.63]
.4427

Short Form Fear of Pain Questionnaire (high vs. low) 0.33
[0.10, 1.16]
.0839

0.08
[0.01, 0.55]
.0100

0.16
[0.04, 0.66]
.0119

Niece/Nephew/Step-/Grandchild Other vs.
First biological child

Note: Based on 102 female children, ages 14-17 years, with an exchangeable working correlation structure.
OR-Odds Ratio; CI-confidence interval
DMFT Index for 14-17 years was: very low = 0-2; low = 3-5; moderate = 6-8; high = ≥9; dichotomized to 0-5 and ≥6.
Reduced model has variables of interest listed above and is adjusted for: age (17 years; 16 years; 15 years vs. 14
years); and family education (less than/high school vs. more than high school)
Model adjusted for: race/ethnicity (minority vs. White); income ($15,000 to $50,000; less than $15,000 vs. $50,000
and greater); site (WV vs. PA); and BMI (obese, overweight vs. normal weight). The model had 92 clusters, an
exchangeable working correlation of -0.098612359, and a QIC fit of 100.1034.
Combining birth categories vs. first biological child- unadjusted OR: 1.06(0.44, 2.57; p = .8953)
Full model AOR: 1.09(0.29, 4.15; p = .9023)
Reduced AOR: 1.11(0.42, 2.96; p = .8365)
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Chapter 4: Table 1
Descriptive Characteristics Adults, 18 years and above
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 1125
__________________________________________________________________________
Sample N (%)
__________________________________________________________________________
Gender
Males
410
(36.4%)
Females
715
(63.6%)
Age
18-24
147
(14.2%)
25-44
758
(73.1%)
45+
132
(12.7%)
Mean
34.3 (± 9.3%)
Missing 88
Race/Ethnicity
White
992
(89.3%)
Black
99
( 8.9%)
Other
20
( 1.8%)
Missing 14
Marital Status
Never married
151
(13.6%)
Domestic Partner
112
(10.1%)
Married
688
(61.1%)
Separated
41
( 3.7%)
Divorced
99
( 8.9%)
Widow
16
( 1.4%)
Missing 18
Site
Pennsylvania
382
(34.0%)
West Virginia
743
(66.0%)
Family Income
Less than $10,000
$10,000-$14,999
$15,000-$24,999
$25,000-$34,999
$35,000-$49,999
$50,000-$74,999
$75,000-$99,999
$100,000-$149,999
$150,000-$199,999
$200,000 and above
Missing 97

Continued

174
163
143
129
164
133
55
33
26
8

(16.9%)
(15.9%)
(13.9%)
(12.6%)
(16.0%)
(12.9%)
( 5.4%)
( 3.2%)
( 2.5%)
( 0.8%)
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Chapter 4: Table 1
Descriptive Characteristics Adults, 18 years and above
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 1125
___________________________________________________________________________________
Sample N (%)
__________________________________________________________________________________
Highest degree in family
Less than High School degree
71
( 6.4%)
High School
429
(38.6%)
Technical School degree
181
(16.3%)
Some College
181
(16.3%)
Undergraduate degree
144
(13.0%)
Graduate degree
104
( 9.4%)
Missing 15
Family Relationships to index person
Index
First spouse
Second spouse
Third spouse
Fourth spouse or above
Parent of index
First Child
Second Child
Third Child or above
Married-in
Other
Body Mass Index
Normal
Overweight
Obese
Mean
Missing 172

692
292
54
16
6
12
26
10
2
2
13

(61.5%)
(26.0%)
( 4.8%)
( 1.4%)
( 0.5%)
( 1.1%)
( 2.3%)
( 0.9%)
( 0.2%)
( 0.2%)
( 1.2%)

283
268
402
30.0

(29.7%)
(28.1%)
(42.2%)
( ±7.8)

____________________________________________________________________________________
Continued
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Chapter 4: Table 1
Descriptive Characteristics Adults, 18 years and above
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 1125
__________________________________________________________________________
Sample N (%)
__________________________________________________________________________
Total Decayed Missing Filled Teeth
0
67
( 6.0%)
1
48
( 4.3%)
2
53
( 4.7%)
3
42
( 3.7%)
4
62
( 5.5%)
5
78
( 6.9%)
6
59
( 5.2%)
7
76
( 6.8%)
8
96
( 8.5%)
9
61
( 5.2%)
10
51
( 4.5%)
11
64
( 5.7%)
12
62
( 5.5%)
13
44
( 3.9%)
14
49
( 4.4%)
15
31
( 2.8%)
16
25
( 2.2%)
17
25
( 2.2%)
18
19
( 1.7%)
19
22
( 2.0%)
20
15
( 1.3%)
21
21
( 1.9%)
22
16
( 1.4%)
23
5
( 0.4%)
24
10
( 0.9%)
25
4
( 0.4%)
26
2
( 0.2%)
27
2
( 0.2%)
28
16
( 1.4%)
Mean
9.3
(± 6.4%)
Dental Fear Survey
Little/no fear
Some/pretty much/very

552
573

(49.1%)
(50.9%)

Short Form Fear of Pain Questionnaire
Little/no fear
Some/pretty much/very

207
918

(18.4%)
(81.6%)

Fatalism Scale
Low
789
(70.1%)
High
336
(29.9%)
Participants did not respond to all questions, so number of participants does not always equal the total number of
participants.
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Chapter 4: Table 2
Decayed Missing and Filled Teeth, Adults, 18 years and above
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 1125
N (row %)
_____________________________________________________________________________________________
Decayed Missing or Filled Teeth (DMFT Index)
p-value
Very low
low
moderate
high

Gender

.1902
Male
Female

Race/Ethnicity
Minority
White
Missing 14
Marital Status
Married
Domestic partner
Never married
Separated
Divorced
Widowed
Missing 18
Age
18-34 years
35+ years
Missing 23

108(26.3)
164(22.9)

118(28.8)
191(26.7)

88(20.2)
194(17.2)

96(23.4)
166(14.8)

.0478
36(30.3)
234 (23.6)

36(30.3)
269(27.1)

24( 20.2)
253(25.5)

23(19.3)
236(23.8)

166(24.1)
30(26.8)
43(28.5)
5(12.2)
18(18.2)
7(43.8)

181(26.3)
31(27.7)
47(31.1)
11(26.8)
33(33.3)
0

185(26.9)
18(16.1)
36(23.8)
10(24.4)
25(25.3)
4(25.0)

156(22.7)
33(29.5)
25(16.6)
15(36.6)
23(23.2)
5(31.3)

143(25.1)
137(25.7)

103(18.1)
157(27.5)

.0836

< .0001
153(26.9)
107(20.1)

170(29.9)
132(24.8)

183(24.6)
89(23.3)

212(28.5)
97(25.4)

Site

.1902
West Virginia
Pennsylvania

Family Income
Less than $15,000
$15,000-$49,999
$50,000 and above
Missing
Continued

191(25.7)
91(23.8)

157(21.1)
105(27.5)

78(23.2)
69(25.4)
106(25.3)

89(26.4)
59(21.7)
91(21.7)

.2301
75(22.3)
70(25.7)
106(25.3)

95(28.2)
74(27.2)
116(27.7)
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Chapter 4: Table 2
Decayed Missing and Filled Teeth, Adults, 18 years and above
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 1125
N (row %)
_____________________________________________________________________________________________
Decayed Missing or Filled Teeth (DMFT Index)
p-value
Very low
low
moderate
high

Highest Education in Family
Less than High School
High School
Technical School
Some College
Undergraduate degree
Graduate
Missing 15

Body Mass Index
Normal
Overweight
Obese
Missing 172

.6265
19(26.8)
114(26.6)
34(18.8)
40(22.1)
40(27.8)
23(22.1)

18(25.4)
115(26.8)
48(26.5)
54(29.8)
42(29.2)
25(24.0)

17(23.9)
102(23.8)
47(26.0)
50(27.6)
36(25.0)
26(25.0)

17(23.9)
98(22.8)
52(28.7)
37(20.4)
26(18.1)
30(28.9)

79(27.9)
61(22.8)
118(29.4)

69(24.4)
72(26.9)
101(25.1)

65(23.0)
78(29.1)
83(20.7)

.3999
70(24.7)
57(21.3)
100(24.9)

______________________________________________________________________________________
Based on 1125 adults, ages 18 years and above. Participants did not respond to all questions, so number of
participants does not always equal the total number of participants. Cochran-Mantel-Haenzel mean score test was
used (with standardized midrank scores) for gender, race/ethnicity, site, family relationship with index person.
Mantel-Haenzel Chi Square (with standardized midrank scores) for family income, highest education in the family,
and BMI.
DMFT Index: very low = 0-4; low = 5-8; moderate = 9-13; high = 14.
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Chapter 4: Table 3
Fatalism and Decayed Missing and Filled Teeth, Adults, 18 years and above
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 1125
N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth
p-value
very low
low
moderate
high

Fatalism Scale
Low
High

.3107
191(23.9)
81(24.9)

230(28.8)
79(24.2)

203(25.4)
79(24.2)

175(21.9)
87(26.7)

_____________________________________________________________________________________
Based on 1125 adults, ages 18 years and above. Participants did not respond to all questions, so number of
participants does not always equal the total number of participants. Mantel-Haenzel Chi Square Exact test was
used (with standardized midrank scores).
DMFT Index: very low = 0-4; low = 5-8; moderate = 9-13; high = 14+.
_____________________________________________________________________________________
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Chapter 4: Table 4
Fear and Decayed Missing and Filled Teeth, Adults, 18 years and above
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009, N = 1125
N (row %)
_______________________________________________________________________________________
Decayed Missing or Filled Teeth
p-value
very low
low
moderate
high 5
Dental Fear Survey
<.0001
Little/no fear
148(26.8)
173(31.3)
126(22.8)
105 (19.0)
Some/pretty much/very 124(21.6)
136(23.7)
156(27.3)
157(27.4)
Short Form Fear of Pain Questionnaire
.6240
Little/no fear
Some/pretty much/very

49(23.7)
223(24.3)

60(29.0)
249(27.1)

56(27.1)
226(24.6)

42(20.3)
220(24.0)

_____________________________________________________________________________________
Based on 1125 adults, ages 18 years and above. Mantel-Haenzel Chi Square Exact test was used (with
standardized midrank scores).
DMFT Index: very low = 0-4; low = 5-8; moderate = 9-13; high = 14+.

94

Chapter 4: Table 5
Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family Relationships, Fatalism,
and Fear from Generalized Estimating Equations for adults, 18 years and above
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Variable
Unadjusted OR
Adjusted OR
[95% CI]
[95% CI]
p-value
p-value
Family Relationships
Never married, Divorced, Widowed, Separated,
Other vs. Married, Domestic Partner
0.91
0.85
[0.70, 1.19]
[0.59, 1.23]
.4941
.3822

Fatalism Scale (high vs. low)

1.17
[0.89, 1.53]
.2678

1.25
[0.89, 1.76]
.1918

Dental Fear Survey (high vs. low)

1.67
[1.32, 2.12]
<.0001

1.76
[1.29, 2.40]
.0003

Short Form Fear of Pain Questionnaire (high vs. low) 1.05
[0.77, 1.42]
.7750

0.74
[0.49, 1.11]
.1504

Based on 1125 adults, ages 18 years and above, in an exchangeable working correlation structure.
DMFT Index: very low = 0-4; low = 5-8; moderate = 9-13; high = ≥ 14; dichotomized to 0-8 and ≥9.
OR-Odds Ratio; CI-confidence interval
Model adjusted for: gender (female vs. male); race/ethnicity (minority vs. White); never married, divorced,
widowed, separated, other vs. married, domestic partner; income ($15,000 to $50,000; less than $15,000 vs.
$50,000 and greater); site (WV vs. PA); age (>45 years; 25-44 years vs. 18-24 years); Fatalism Scale (high vs. low);
Dental Fear Survey (high vs. low); Short Form Fear of Pain Questionnaire (high vs. low); family education (less
than/high school vs. more than high school); and BMI (obese, overweight vs. normal weight). The model had 547
clusters, an exchangeable working correlation of 0.0594350057, and a QIC fit of 1164.8801.
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Chapter 4: Table 6
Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family Relationships, Fatalism,
and Fear from Generalized Estimating Equations: Males >18 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Variable
Unadjusted OR
Adjusted OR
[95% CI]
[95% CI]
p-value
p-value
Family Relationships
Never married, Divorced, Widowed, Separated,
Other vs. Married, Domestic Partner
0.16
0.12
[0.06, 0.37]
[0.04, 0.36]
<.0001
.0002
Fatalism Scale (high vs. low)

1.43
[0.94, 2.18]
.0958

1.49
[0.84, 2.62]
.1711

Dental Fear Survey (high vs. low)

1.27
[0.88, 1.85]
.2041

1.25
[0.74, 2.11]
.4021

Short Form Fear of Pain Questionnaire (high vs. low) 1.00
[0.65, 1.52]
.9836

0.84
[0.46, 1.52]
.5600

__________________________________________________________________________________________
Based on 410 adult males, ages 18 years and above, in an exchangeable working correlation structure.
DMFT Index: very low = 0-4; low = 5-8; moderate = 9-13; high = ≥ 14; dichotomized to 0-8 and ≥9.
OR- Odds Ratio; CI-confidence interval
Model adjusted for: race/ethnicity (minority vs. White); never married, divorced, widowed, separated, other vs.
married, domestic partner;; income ($15,000 to $50,000; less than $15,000 vs. $50,000 and greater); site (WV vs.
PA); age (>45 years; 25-44 years vs. 18-24 years); Fatalism Scale (high vs. low); Dental Fear Survey (high vs. low);
Short Form Fear of Pain Questionnaire (high vs. low); family education (less than/high school vs. more than high
school); and BMI (obese, overweight vs. normal weight). The model had 342 clusters, an exchangeable working
correlation of 0.3495041157, and a QIC fit of 428.1813.
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Chapter 4: Table 6
Odds Ratios and Adjusted Odds Ratios for Decayed Missing and Filled Teeth and Family Relationships, Fatalism,
and Fear from Generalized Estimating Equations: Females >18 years
Genetic Factors Contributing to Oral Health Disparities in Appalachia, 2002-2009
Variable
Unadjusted OR
Adjusted OR
[95% CI]
[95% CI]
p-value
p-value
Family Relationships
Never married, Divorced, Widowed, Separated,
Other vs. Married, Domestic Partner
1.18
1.18
[0.87, 1.59]
[0.75, 1.84]
.2833
.4742
Fatalism Scale (high vs. low)

1.06
[0.76, 1.48]
.7384

1.17
[0.75, 1.83]
.4844

Dental Fear Survey (high vs. low)

1.88
[1.39, 2.54]
<.0001

2.11
[1.41, 3.14]
.0003

Short Form Fear of Pain Questionnaire (high vs. low) 1.00
[0.65, 1.53]
.9965

0.75
[0.42, 1.32]
.3120

Based on 715 adult females, ages 18 years and above, in an exchangeable working correlation structure.
DMFT Index: very low = 0-4; low = 5-8; moderate = 9-13; high = ≥ 14; dichotomized to 0-8 and ≥9.
OR- Odds Ratio; CI-confidence interval

Model adjusted for: race/ethnicity (minority vs. White); never married, divorced, widowed, separated, other vs.
married, domestic partner; income ($15,000 to $50,000; less than $15,000 vs. $50,000 and greater); site (WV vs.
PA); age (>45 years; 25-44 years vs. 18-24 years); Fatalism Scale (high vs. low); Dental Fear Survey (high vs. low);
Short Form Fear of Pain Questionnaire (high vs. low); family education (less than/high school vs. more than high
school); and BMI (obese, overweight vs. normal weight). The model had 519 clusters, an exchangeable working
correlation of -0.113585918, and a QIC fit of 731.8780.
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Imputations
Children. COHRA study had 280 participants, 7 had missing DMFT data; 36 had >20% fear or
fatalism data missing. The final sample size was 237.
Fatalism: There were 24 people who had imputations; there were 28 mean imputations (.98%).
Fear: There were 51 people who had imputations; there were 275 mean imputations (4.00%)

Adolescents. COHRA study had 219 participants, 6 had missing DMFT data; 22 had >20% fear or
fatalism data missing. The final sample size was 191.
Fatalism: There were 6 people who had imputations; there were 8 mean imputations (.31%).
Fear: There were 18 people who had imputations; there were 58 mean imputations (.91%).

Adults. COHRA study had 1319 participants, 67 had missing DMFT data; 127 had >20%l fear or
fatalism data missing. The final sample size was 1125.
Fatalism: There were 42 people who had imputations; there were 45 mean imputations (.33%)
Fear: There were 95 people who had imputations; there were 260 mean imputations (.80%).

_____________________________________________________________________________
Imputations
______________________________________________________________________________
Pre-teens
Adolescents Adults
Fatalism questions
1
2
3
4
5
6
7
8
9
10
11
12

2
2
5
0
4
1
1
1
1
5
3
3

0
0
0
0
2
1
0
0
1
0
3
1

1
2
2
5
5
6
3
8
2
8
2
1
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_____________________________________________________________________________
Imputations
______________________________________________________________________________
Pre-teens
Adolescents Adults
Fear questions
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

11
16
12
14
26
17
18
2
3
5
3
2
3
12
14
18
17
19
3
9
5
12
2
6
2
5
2
11
6

2
3
2
3
3
2
2
2
1
0
0
2
1
3
5
3
3
3
0
1
1
1
0
2
3
3
2
3
2

5
8
8
13
15
8
11
5
8
6
9
7
11
10
11
9
9
17
10
5
10
5
6
6
10
10
10
10
8
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